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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrooraphic  Branch. 
WashingUm^  I).  C,  Fetn^uat^y  13^  1905. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
**  Record  of  Deep  Well  Drilling  for  1904,"  prepared  by  Messrs.  M.  L. 
Fuller  and  E.  F.  Lines,  but  including  certain  material  compiled  from 
notes  furnished  by  Mr.  A.  C.  Veatch.  The  report  presents  the  results 
of  the  first  six  months'  work,  with  a  system  for  the  collection  of  well 
records  and  samples,  formulated  by  Mr.  Veatch  and  put  in  operation 
under  the  direction  of  Mr.  Fuller,  chief  of  the  eastern  section  of  the 
division  of  hydrology,  on  Jul}'^  10,  1904.  Mr.  Veatch  was  assisted  by 
Mr.  Lines  until  September  16,  when  the  work  was  relinquished  to  the 
latter.  The  report  embodies  the  records  of  a  large  number  of  wells, 
for  many  of  which  sets  of  samples  are  presented  on  file,  and  in  addition 
gives  an  account  of  the  development  of  the  system  and  of  the  methods 
employed. 

The  principal  aim  of  the  report,  as  stated  in  the  introduction,  is  to 

furnish  drillers  and  present  or  prospective  well  owners  a  basis  for 

future  work  and  to  afford  geologists  and  others  a  more  complete 

knowledge  of  the  rock  succession  and  structure.     It  is  hoped  tliat  the 

report  will  lead  to  greater  appreciation  of  the  value  of  records  by  the 

driller  and  will  serve  to  encourage  the  preservation  of  samples. 

Very  respectfully, 

F.  H.  Newell,  Chief  Kngiiieer. 
Hon.  Charles  D.  Walcott, 

Director  TJnittd  States  Geological  Survey. 

5 


RECORD  OF  DEEP  WELL  DRlLLiKO  FOR  1904. 


By  M.  L.  BVller,  E.  F.  Lines,  and  A.  C.  Veatch 


INTRODUCTION. 

In  this  report,  which  is  the  first  of  a  proposed  series  of  annual  pub- 
lications, are  presented  the  results  of  the  first  six  months'  work  by 
the  United  States  Geological  Survey  in  the  systematic  collection  of 
well  records  and  samples.  Much  time  having  been  occupied  in  organ- 
ization and  preliminary  correspondence,  the  results  of  onlyalx)ut  three 
months'  actual  work  are  included.  The  report  is  issued  for  the  pur- 
pose of  giving  to  present  or  prospective  well  owners  and  drillers  the 
results  of  drilling  as  reported  to  the  Survey,  with  the  object  of  fur- 
nishing them  as  good  a  basis  as  possible  for  future  drilling  in  the 
regions  discussed,  and  to  afford  geologists  and  others  a  more  complete 
knowledge  of  the  rock  succession  and  structure. 

It  is  intended  that  the  reports  of  the  series  shall  present  records  of 
contemporaneous  drilling  rather  than  the  results  of  past  work,  a  spe- 
cial attempt  being  made  to  secure  records  accompanied  by  samples. 
The  logs  of  completed  wells,  however,  will  be  incorporated  when 
practicable;  but  as  records  of  such  wells  are  seldom  preserved  for  any 
length  of  time,  their  number  will  probably  decrea.se  in  proportion  to 
new  wells  as  the  work  continues. 

All  well  records  received  during  the  year  1904^  that  were  accom- 
panied by  complete  sets  of  samples  are  presented  in  this  report,  as 
are  also  a  considerable  number  furnished  by  drillers,  contractors,  well 
owners,  etc.,  representing  other  completed  wells.  The  report  does 
not,  however,  include  all  records  furnished  the  Survey,  a  great  num- 
ber being  furnished  by  oil  companies  and  others  interested  in  the 
development  of  oil  or  mineral  lands.  Many  of  these  are  confidential 
and  can  not  be  published,  while  others  will  be  compiled  and  embodied 
in  reports  on  special  regions,  which  will  be  published  later. 

Grateful  acknowledgment  is  made  to  the  following  contractors  and 
drillers  who,  by  furnishing  records  or  samples,  have  assisted  the  Sur- 
vey in  its  endeavor  to  bring  about  a  better  knowledge  of  the  strata 
penetrated  in  drilling.  The  asterisk  (*)  indicates  that  records  of  wells 
are  given  in  whole  or  in  part  in  the  present  report;  in  the  other  cases 
the  records  are  either  confidential  or  are  reserved  for  special  report^ 
to  be  published  later. 
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Prinnpal  c(mtractoriv.7ul'iirillerK  furnishing  records. 

Aggers,  William  A.,  MuBcog;e<t»  tti  T. 

Akin,  Mr.,  Wade  avenue»*WasKii\gton,  Pa. 
♦Akins,  E.  J.,  driller  f^cB^^,  Heasley  &  Meals,  Hundred,  W.  Va. 

Archer,  Kruger,  Mis^^^ppi. 
♦Artesian  Well  und  fetipply  Company,  Dyer  and  Friendship  streets,  Providence,  R.  I. 
*Barber,  Lii^ien  C,  Scott,  Cortland  County,  N.  Y. 

Barnetr,  R.'*iB.',  Artesia,  N.  Mex. 

Ba|ch',:Q/C.,  Roswell,  N.  Mex. 
/-Bwjh;  J.  S.,  R.  F.  D.  a5,  Emlenton,  Pa. 

Birdsong,  Mason,  Bolton,  Miss. 

Bishop,  Mr.,  Salt  Lake  City,  Utah. 

Black,  Frank  L.,  Waynesburg,  Pa. 
*Black,  R.  H.,  423  John  street,  Braddock,  Pa. 
♦Bliss,  Geoi^ge  R.,  Rye,  N.  Y. 
♦Bolles,  William  M.,  Franksville,  Wis. 

Borchers,  W.  F.,  68  East  Maiden  street,  Washington,  Pa. 

Brigham,  W.  J.,  Tunica,  Miss. 

Broiles,  E.,  Artesia,  N.  Mex. 
♦Carman,  George  W.,  driller  for  G.  W.  Patterson,  Stewartstown,  Pa. 

Carnegie  Natural  Gas  (\)mi>any,  Carnegie  Building,  Pittsburg,  Pa. 

Carter  Oil  Company,  Titusville,  Pa. 
♦Champlin,  F.  A.,  East  Longmeadow,  Mass. 

Chapman  &  Sperry,  Artesia,  N.  Mex. 

Chartiers  Oil  Company,  Tradesmen's  Building,  Pittsburg,  Pa. 

Chesney  &  McCready,  Muscogee,  Ind.  T. 
♦Christofferson,  E.,  driller  for  J.  F.  McCarthy,  Fertile,  Minn. 
♦Cladek,  Frank  T.,  West  Scott  avenue,  Rah  way,  N.  J. 
♦Clifton,  R.  T.,  Velasco,  Tex. 
♦Col well,  J.  A.,  West  Superior,  Wis. 

Cook,  William  J.,  Muscogee,  In<l.  T. 

Cooj)er  &  Warren,  Roswell,  N.  Mex. 
♦Copley,  W.  H.,  828  Leonard  street,  Fostoria,  Ohio. 
♦Craig,  L.  J.,  Ro<'k  Springs,  Wyo. 

Crane,  G.  S.,  Checotah,  Ind.  T. 
♦Crist,  S.  T.,  and  Son,  Codonis,  York  County,  Pa. 

Cunningham,  J.  B.,  Clifton ville.  Miss. 
♦Danis,  C.  H.,  Coldspring  Harlx)r,  N.  Y. 

Devonian  Oil  Company,  Pittsburg,  Pa. 
♦I)ib])le  &  Ernest,  Fullertown,  Ohio. 
♦Dillon,  J.  B.,  Bowen,  Pike  County,  Ark. 

♦Duck,  Elmer  J.,  driller  for  John  McCool,  New  Freeport,  Greene  County,  Pa. 
♦Dunlap,  T.  L.,  driller  for  J.  B.  Fishel,  New  Martinsville,  W.  Va. 

Dunn,  J.  L.,  Dunns  Station,  Washington  County,  Pa. 

Durst,  F.  A.,  Bellefourche,  S.  Dak. 
♦l^^gen,  Thomas,  Poynette,  Wis. 
♦Egan,  James,  driller  for  F.  A.  Champlin,  Mansion  House,  Springtield,  Mass. 

Eisman,  David,  Washington  Tnist  Building,  Washington,  Pa. 
♦Elliott,  J.,  Mellville,  N.  Y. 

Endly,  W.  J.,  Nowata,  Ind.  T. 

English,  A.  Z.,  Muscogee,  Ind.  T. 
♦Espy,  E.,<lriller  for  J.  F.  McCarthy,  Atwater,  Minn. 
♦Faust,  J.  J.,  South  Kaukauna,  Wis. 
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Feigler,  C.  £.,  Minter  City,  Miss. 
*Ford,  John  L.,  driller  for  J.  A.  Sutter,  Pass  Christian,  Miss. 

Forest  Oil  Company,  323  Fourth  avenue,  Pittsbui^,  Pa. 

Forman,  Grant,  Muscogee,  Ind.  T. 
*Fowler,  Thomas,  Corpus  Cbristi,  Tex. 

Fox,  J.  A.,  Roswell,  N.  Mex. 

Franklin  Oil  Company,  Tyro,  Kans. 

Gamer  &  Swerringen,  Artesia,  N.  Mex. 
♦Gibson,  Alex.  T.,  West  Winfield,  Herkimer  County,  N.  Y. 

Gillespie,  R.  G.,  Pittsburg,  Pa. 

Goldsburg,  Albert,  Memphis,  Tenn. 
*Gorder,  H.  G.,  Dodgeville,  Wis. 
*Granberry,  P.  M.,  &  Co.,  box  115,  Houston,  Tex. 
♦Grant,  C.  L.,  17  Byron  street.  Providence,  R.  I. 

Grayson,  Harry,  Washington  Trust  Building,  Washington,  Pa. 
*Green,  Charles  L.,  1160  Stuart  street,  Green  Bay,  Wis. 

Greensboro  Natural  Gas  Company,  808  Tradenmen's  Building,  Pittsburg,  Pa. 

Guffey  &  Queen,  Pittsburg,  Pa. 
*Guffy  &  Galey,  Pittsburg,  Pa. 
*Gunter  Brothers,  Stuttgart,  Ark. 

Hale,  J.  C,  Artesia,  N.  Mex. 
*Halterman,  George  (t.,  Parowan,  Utah. 
♦Hambrecht,  H.  W.,  superintendent  for  L.  Wilson  Well  Company,  225  Dearborn 

street,  Chicago,  111. 
♦Hamilton,  W.  F.,  Ocala,  Fla. 

♦Hammond,  E.  D.,  120  Sargeant  street,  Hartfonl,  Conn. 
♦Harmon,  William.  226  P^st  Market  street,  Tiffin,  Ohio. 
♦Harper,  Thomas  B.,  Jenkintown,  Pa. 

♦Harris,  N.  F.,  driller  for  Artesian  Well  and  Supply  Company,  Providence,  R.  I. 
♦Hawk,  John  I.,  Selma,  Ala. 

Heath,  E.  N.,  Artesia,  N.  Mex. 
♦Heflin,  J.  O.  A  Co.,  2004  Third  avenue,  Birmingham,  Ala. 

Henderson,  J.  B.,  McMillan,  N.  Mex. 
♦Hills,  I.  W.,  Me<lina,  Wis. 
♦Howard,  F.,  Canandaigua,  Lenawee  County,  Mich. 

Hulse,  Jesse,  Murray,  Utah. 
♦Jameson,  William,  driller  for  St.  Mary'H  Drilling  Company,  Lima,  Ohio. 
♦Jenkins,  E.  A.,  Scottsville,  N.  Y, 

Jennings  Brothers,  Pittsburg,  Pa. 
♦Johnston,  R.  J.,  box  528,  Burlington,  Iowa. 
♦Jorgensen,  H.,  driller  for  W.  N.  Bolles,  Franksville,  Wis. 

Judd,  W.  E.,  Farmington,  Utah. 

Karns,  S.  E.,  Beaver,  Pa. 

Kelly  Bros.  A  Cooper,  Beaver,  Pa. 

Kennedy,  W.  C.  &  C/O.,  Pittsburg,  Pa, 
♦Kinney,  James,  jr.,  Bellaire,  Ohio. 

Klinkscale,  Mr.,  Roswell,  N.  Mex. 
♦Knaack,  Henry  M.,  Station  A,  R.  R.  No.  5,  Milwaukee,  Wis. 
♦Knauf,  M.  F.,  driller  for  Artesian  Well  and  Supply  Company,  Providence,  R.  I. 
♦limbic,  Robert,  Drilling  Company,  Orrville,  Ohio. 

Larssen,  Peter,  Salt  Lake  City,  Utah. 

Lawrence  Gas  Company,  Yonngstown,  Ohio. 
♦Lee,  John  H.,  1702  Houston  avenue,  Houston,  Tex. 

Leonard,  John,  63  West  Chestnut  street,  Washington,  Pa. 
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^Liberty  Well  Company,  7633  Bennett  street,  Pittsburg,  Pa. 

Lykins,  W.  C,  Miami,  Ind.  T. 
*Lyle,  James,  349  North  Main  street,  Washington,  Pa. 
♦Lynch,  Albert,  Stamford,  CJonn. 

McCausland,  John,  33  West  Walnut  street,  Washington,  Pa. 
♦McDonald,  J.  J.,  driller  for  Smith  &  Thayer  Ompany,  Berlin,  N.  H. 
♦McDonald,  R.  H.,  driller  for  C.  E.  Gesin,  Tidioute,  Pa. 

♦McGuckin,  J.  B.,  driller  for  Thomas  B.  Harper,  5921  Beech  wood  street,  Philadel- 
phia, Pa. 

McVay  Brothers,  Rocky  ford,  Colo. 
♦Matteson  &  Zeigler,  Bonsteel,  S.  Dak. 
♦Maule,  Lewis,  Copemish,  Manistee  County,  Mich. 

♦Meloy,  E.  D.,  driller  for  Charles  8.  Wise,  2544  North  Grand  avenue,  St.  Louis,  Mo. 
♦Mentzer,  Frank,  driller  for  Artesian  Well  and  Supply  Company,  Providence,  R.  I. 
♦Miller's,  W^  J.,  Sons,  Genoa  Junction,  Wis. 

Monongahela  Natural  Gas  Company,  Oliver  Building,  Pittsburg,  Pa. 

Muno,  P.,  McMillan,  N.  Mex. 

Munlock,  Baldwin  &  Co.,  Union  Trust  Building,  Washington,  Pa. 

Natural  Gas  Company  of  West  Virginia,  39  Vandergrift  Building,  Pittsburgi  Pa. 
♦Nichols,  L.,  driller  for  J.  P.  Miller  Artesian  Well  Company,  39  Michigan  street, 
Chicago,  111. 

Nicholson,  W\  1.,  Wagoner,  Ind.  T. 

Norbeck  &  Nicholson,  Re<lfield,  S.  Dak. 
♦O'Neill,  James,  217  W^est  College  street,  Albert  Lea,  Minn. 

Oregon  Short  Line  Engineering  Department 
♦Osborne,  W.  R.,  Metuchen,  N.  J. 
♦Pannewitz,  P.  E.,  Schulenburg,  Tex. 

Patrick,  D.  R.,  Hagerman,  N.  Mex. 
♦Pearsall  &  Co.,  Utica,  Ohio. 

People's  Gas  Company,  Tradesmen's  Building,  Pittsburg,  Pa. 

Philadelphia  Company,  Philadelphia  Building,  Pittsburg,  Pa. 
♦Phillips,  A.  P.,  314  North  Main  street,  Findlay,  Ohio. 

Phillips,  Jake,  Springville,  Utah. 

Pinchin,  Job,  Salt  Uke  Citv,  Utah. 

Poland,  C.  E.,  Hagerman,  N.  Mex. 

Poml,  Chester  H.,  Moorhead,  Miss. 

Prairie  Oil  and  Gas  Company,  Neodesha,  Kans. 

Preston,  John,  322  Washington  Trust  Building,  Washington,  Pa. 
♦Pursell,  F.  U.,  Waukena,  Cal. 
♦Pursell,  T.  A.,  Waukena,  Tulare  County,  Cal. 

Pyle,  P.  L.,  Fort  Gibson,  Ind.  T. 

Ratliff,  W.  E.,  McMillan,  N.  Mex. 
♦Reardon,  IL  A.,  driller  for  F.  S.  Black,  Delmont,  Pa. 
♦Ree^l,  Jefferson  J.,  driller  for  R.  D.  Mead  &  Co.,  Higbee,  Greene  County,  Pa. 

Reesi*  &  Heasley,  Waynesburg,  Pa. 

Rei^vee,  Ira  L.,  Muscogee,  Ind.  T. 
♦Ridpath  &  Potter,  587  Bourse  Building,  Philadelphia,  Pa. 
♦Robbins,  S.  L.,  Blaine,  Kans. 
♦Roberson,  Elmer  A.,  Box  83,  Cheney,  Kans. 

Ross,  Tim,  Waynesburg,  Pa. 
♦Roughen,  Patrick,  213  Amory  street,  Fond  du  Lac,  Wis. 
♦St  Marys  Drilling  Company,  St.  Marys,  Ohio. 
♦Sealy,  W.  F.,  27  Seventh  street.  Fond  du  Lac,  Wis. 
♦Shanks,  Oscar,  P.  O.  Box  485,  Alexandria,  La. 
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*Sharpe)  J.  £.,  304  West  Ck>llege  street,  Albert  Lea,  Minn. 

Shay,  John  W.,  249  Locust  avenue,  Washington,  Pa. 
•Shute,  C.  E.,  Bath,  Me. 

Smith,  A.  B.,  Muscogee,  Ind.  T. 

Southern  Pacific  Railroad  Engineering  Department 

South  Penn  Oil  Company,  323  Fourth  avenue,  Pittsburg,  Pft. 

Steele,  C.  L.,  Muscogee,  Ind.  T. 
*Steinsiek,  H.  W.,  4321  Prairie  avenue,  St.  Louis,  Mo. 

Stevenson,  J.  B.,  SpringN'ille,  Utah. 
*Stotthoff  Brothers,  Flemington,  N.  J. 
♦Strait,  E.  C,  Prentiss  Vale,  Pa. 
*Sutter,  Frank,  Pensacola,  Fla. 
*Sutter,  John  A.,  Pass  Christian,  Miss. 

Taylor,  D.  J.,  Roswell,  N.  Mex. 
*Taylor,  Fred,  Grandville,  Mich. 
*Teeter,  W.  G.,  North  Salem  avenue,  Dayton,  Ohio. 
♦Thome,  W.  L.,  &  Co.,  Whitewater,  Wis. 
♦Tomlin,  James,  Mars,  Oreg. 
•Tracy,  Albert,  Orrville,  Ohio. 
*Trow,  Linden  C,  driller  for  W.  J.  Miller's  Sons,  Genoa  Junction,  Wis. 

Turner,  E.  F.,  Leland,  Miss. 
♦Vandervort,  E.  R.,  Warrens,  Wis. 
♦Wainright,  v..  Lake  Charles,  La. 

♦Walters,  W.  P.,  driller  for  St.  Mary's  Drilling  Company,  Alto,  Ind. 
♦Wankel,  Frank,  536  Himrod  street,  Brooklyn,  N.  Y. 
♦Waterman  Brothers,  Hamorton,  Chester  County,  Pa. 
♦Watkins  &  Co.,  Vancamp,  W.  Va. 
♦Weiler  Brothers,  Box  367,  Marietta,  Ohio. 

Westfal,  John,  Provo  City,  Utah. 

Weetphal,  Gus,  Salt  Lake  City,  Utah. 

White,  Elza,  Roswell,  N.  Mex. 

Willetts,  Elmer  E.,  186  South  Main  street,  Washington,  Pa. 
♦Winger,  Josiah  G.,  Box  135,  Grand  Valley,  Pa. 

Yager,  Frank,  Salt  Lake  City,  Utah. 

In  addition  to  the  drillers  furnishing  records  and  samples,  special 
thanks  are  due  to  the  owners  of  many  wells,  through  whose  courtesy 
and  by  whose  orders  many  of  the  samples  and  records  were  furnished 
the  Survey.  The  names  of  the  owners  are  given  in  the  tables  of 
records,  those  furnishing  records  being  indicated  by  the  letter  '^O" 
in  the  column  headed  ^'Authority." 


OBJECTS,  DEVELOPMENT,  AND  RESULTS  OF  THE  WORK  OF 
COLLECTLXG  WELL  RECORDS  AND  SAMPLES. 


By  Myron  L.  Fuller. 


The  information  relating  to  borings  must  generally  be  gathered 
when  the  well  is  being  sunk  or  not  at  all.  Many  drillers  keep  records 
when  the  work  is  going  on,  but  in  the  majority  of  cases  these  are  soon 
lost.  If  the  driller  continues  work  in  a  single  locality  he  soon  comes 
to  know  perfectly  the  main  points  of  the  succession  of  the  rocks  and 
keeps  no  records,  often  even  throwing  away  his  earlier  ones.  In 
other  cases  he  may.  remove  to  other  regions,  and,  having  no  further 
personal  interest  in  the  original  locality,  the  early  records  are  lost  or 
destroyed.  Only  the  larger  operators  keep  permanent  records  of  their 
wells.  For  these  reasons  the  effort  is  now  being  made  by  the  Survej" 
to  secure  the  record  at  the  time  of  drilling  and  to  supplement  it  where- 
ever  possible  by  actual  samples,  whi(»h  will  be  filed  and  made  perma- 
nently accessible  for  use  whenever  (]uestions  arise  regaixling  the  mate- 
rials encountered. 

IMPORTANCE  OF  ACCURATE  WET^Ii  RECORDS. 

The  knowledge  of  conditions  beneath  the  surface,  whether  sought 
by  the  driller,  the  mining  engineer,  or  the  geologist,  must  be  obtained 
either  from  surface  observations  of  rock  outcrops  or  fi*om  artificial 
sections  afforded  by  mine  or  other  shafts,  inclines,  tunnels,  and  borings. 
By  systematic  observations  upon  the  character  of  the  rocks  over 
extended  areas  and  the  determinations  of  their  inclination  (dip)  and 
their  line  of  outcrop  on  level  surfaces  (strike),  the  trained  observer  is 
able  to  calculate  more  or  less  accurately  the  thickneas  of  the  l>eds, 
their  depth  below  the  surface,  their  structure,  and  to  a  certain  extent 
their  character  as  regards  the  occurrence  of  ga.s,  oil,  brine,  or  fresh 
water,  especialh'  the  latter.  The  thickness  and  composition  of  rocks, 
even  of  the  same  bed,  are  not  constant,  but  undergo  changes,  often 
considerable  in  amount  and  taking  place  within  short  distances.  These 
changes  are  frequently  of  great  im|K)rtance  in  their  effect  upon  the 
occurrence  of  the  products  named.  Where  the  rocks  are  at  the  surface 
the  changes  can  be  easily  recognized,  but  when  below  the  surface  only 
12 
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the  shaft  or  drill  can  determine  the  occurrence  and  nature  of  the 
changes  in  question. 

The  shaft  is  of  immense  value  in  restricted  areas,  but  it  is  the  widely 
distributed  and  often  deep  borings  that  afford  information  in  regard  . 
to  the  broader  features  of  interest  to  the  driller,  to  the  operator  in 
search  of  oil,  gas,  or  brines,  and  to  manufacturers  and  others  seeking 
artesian  waters. 

The  importance  of  accurate  records  of  borings  was  early  recognized 
by  the  more  enterprising  of  the  drillers  and  by  certain  companies 
operating  in  oil  and  gas,  and  the  success  of  such  drillers  and  operators 
has  been  to  a  considerable  extent  due  to  their  recognition  of  the 
importance  of  the  precise  information  afforded  by  the  borings,  their 
insistence  that  records  be  kept,  and  their  attention  to  other  similar 
details,  minor  in  themselves  but  often  sufficiently  important  in  the 
aggregate  to  make  the  difference  between  failure  and  success.  It  is 
probable  that  there  is  now  not  one  successful  operator  on  a  large  scale 
who  does  not  require  the  keeping  of  at  least  partial  records. 

Among  the  many  ways  in  which  well  records  are  of  value  the  fol- 
lowing may  be  mentioned:  To  the  oil  and  gas  driller  they  furnish 
information  as  to  (1)  the  best  point  for  locating  the  well,  (2)  the  depth 
of  the  supposed  productive  bed,  (3)  the  character  of  the  material  to  be 
penetrated,  (4)  the  amount  of  water  which  will  be  encountered,  (5)  the 
amount  of  casing  required,  and  (6)  the  limit  of  depth  to  which  it  is 
desirable  to  drill.  To  the  owners  of  such  wells  information  as  to  each 
of  the  foregoing  points,  esj)ecially  those  affecting  the  cost  of  the  wells, 
is  furnished  by  the  records,  in  addition  to  which  data  relating  to  still 
more  important  factors,  namely,  those  of  (juantitj^  and  (juality  of  sup- 
plies, are  furnished.  In  the  case  of  drillers  and  owners  of  water  wells 
the  same  information  is  supplied,  but  here  the  items  affecting  the  cost 
are  of  increased  importance  owing  to  the  lower  value  of  the  product, 
and  questions  of  head,  quantity,  and  quality  of  supply  again  come  to 
the  fore.  To  prospective  owners  records  show  the  results  obtained 
by  others  and  the  probabilities  of  success  of  new  ventures,  while  to 
the  geologist  they  are  of  value  in  assisting  him  to  a  more  thorough 
understanding  of  the  geology,  which  in  turn  enables  him  to  more 
intelligently  answer  the  numerous  questions  constantly  referred  to 
him  by  drillers,  well  owners,  and  others. 

A  more  detailed  statement  concerning  the  uses  of  records  is  given 
in  the  following  pamgraphs,  with  the  view  of  presenting  their  benefits 
more  fully  to  those  drillers  and  owners,  espec^ially  the  smaller  oper- 
ators, who  do  not  have  the  facilities  of  the  larger  companies  for  col- 
lecting and  preserving  their  own  records,  but  who  by  furnishing 
information  can  assist  the  Survey  to  a  knowledge  of  the  various 
regions,  and  thus  enable  it  in  turn  to  give  them  the  benefit  of  the 
results  of  the  studies  of  its  geologists. 


14  REGOBD   OF   DEEP    WELL   DBILLING    FOR   1904.  [bull.  264. 

VALUE  OF  WELL  RECORDS  TO  THE  DRILLER  FOR  OIL  AND  GAS. 

The  contractor  or  driller  for  oil  or  ga.s  is  often  called  upon  to  sink 
wells  in  regions  wholly  unfamiliar  to  him.  Among  the  questions 
which  will  arise  are  the  following:  (1)  What  is  the  depth  of  the  sup- 
posed oil-  or  gas-bearing  rock?  (2)  What  is  the  character  of  material 
to  be  penetrated  before  reaching  it?  (3)  At  what  depths^  in  what 
amounts,  and  of  what  quality  can  water  for  the  boilers  be  obtained  ? 
(4)  What  is  the  depth  of  water  seams  which  must  be  cased  off?  (5) 
What  are  the  character,  depth,  and  thickness  of  rock  which  will 
require  casing  to  prevent  caving,  if  any?  (6)  At  what  depth  and  in 
what  rock  is  it  advisable  to  stop  drilling  in  case  of  failure  to  strike  oil 
or  gas  at  the  expected  point?  (7)  At  what  depths  will  minor  shows 
of  oil  and  gas  be  encountered  ?  In  case  the  contractor  or  driller  is 
required  to  select  the  spot  for  drilling,  another  question  will  arise: 
(8)  At  what  point  is  the  structure  most  favorable  for  the  occurrence 
of  oil  and  gas? 

A  certain  amount  of  this  information  can  be  obtained,  as  has  been 
pointed  out,  by  observation  of  the  character,  dip,  and  strike  of  the 
rocks  exposed  at  the  surface.  Other  data,  especially  those  relating  to 
the  occurrence  of  water,  to  caving  rock,  and  to  the  depth  at  which  it  is 
advisable  to  stop  drilling,  are  best  derived  from  records  of  borings. 
These  need  not,  however,  bo  necessarily  in  the  immediate  vicinity,  for 
a  geologist  or  a  driller  with  a  practical  working  knowledge  of  the 
simpler  principles  of  geology  can  combine  the  observations  afforded 
by  surface  outcrops  with  records  of  borings  at  a  distance,  and  intelli- 
gently predict  the  conditions  in  the  intervening  area. 

Depth  of  productive  rock, — The  depth  to  the  productive  rock  is  of 
great  importance  as  affecting  the  success  of  a  well.  For  a  shallow  well 
a  relatively  light  outfit  can  be  used,  but  for  deeper  borings  heavy  and 
more  costly  machinery  and  rigs  are  required.  These,  with  increased 
cost  of  fuel,  outfit,  casing,  and  greater  difficulty  of  manipulation,  make 
the  cost  of  a  well  increase  rapidly  with  depth.  The  amount  of  oil  or 
gas  whic^  would  give  a  good  profit  on  the  investment  required  for  a 
1,000-foot  well  might  not  be  sufficient  to  warmnt  the  sinking  of  a 
3,000-foot  well. 

It  is  apparent,  therefore,  that  as  close  an  estimate  of  the  depth  as 
possible  should  be  made  before  starting  to  drill.  This  niaj^  in  some 
cases  be  determined  more  or  less  satisfactorily  by  observation  of  the 
distance  of  the  well  from  the  outcrop  of  the  rock  and  determina- 
tion of  the  direction  and  amount  of  the  dips  at  the  outcrop  and  in  the 
area  intervening  between  it  and  the  well,  but  in  many  instances  the 
outcrop  is  seveml  score,  if  not  hundreds,  of  miles  from  the  well,  and 
there  are  many  irregularities  of  dip  and  changes  of  thickness  of  the 
rocks  in  the  intervening  area,  all  of  which  serve  to  make  computations 
from  surface  data  difficult  and  unreliable. 
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On  the  other  hand,  deep  drilling  has  been  so  extensively  conducted 
in  .this  country,  especially  in  the  f^ast,  that  there  are  very  few  regions 
of  any  extent  that  do  not  have  one  or  more  deep  borings.  These  fur- 
nish, where  the  data  have  been  preserved,  our  best  evidence  of  under- 
ground conditions,  and,  combined  with  surface  observations,  form  a 
basis  for  predicting  the  materials  to  be  encountered  in  new  borings. 
Where  there  are  a  number  of  borings  they  afford  accurate  data  for 
the  calculation  of  dip,  which  as  determining  structure  becomes  an 
all-important  factor  in  oil  and  gas  operations.  This  is  an  especially 
important  feature  in  regions  where,  as  in  much  of  Ohio,  the  rocks  are 
buried  by  hundreds  of  feet  of  drift  and  are  nowhere  exposed  to  view 
at  the  surface.  Two  wells  of  known  elevations  and  penetrating  a  bed 
at  known  depths  are  sufficient  to  establish  the  dip  in  such  regions  with 
greater  accuracy  than  if  outcrops  were  present  and  served  as  a  basis 
for  the  determination.  With  distances  and  the  amount  and  direction 
of  dip  known  the  depth  can,  as  has  already  been  indicated,  be  readily 
predicted  at  a  given  point.  Without  borings  this  would  often  be 
impossible. 

Charactet*  of  material. — Of  almost  as  much  importance  as  the  depth 
of  a  well  is  the  character  of  the  material  penetrated.  On  it  depends 
the  nature  of  the  process  of  drilling  employed.  In  the  soft  material 
of  the  Coastal  Plain,  as  in  parts  of  Alabama,  Mississippi,  and  Louisiana, 
driving,  jet,  and  rotary  processes,  either  singly  or  in  combination,  are 
used,  but  none  of  these  are  suitable  for  rock  work.  If,  therefore,  a 
very  hard  bed  is  to  be  penetrated  another  type  of  outfit  must  be  pro- 
vided. The  character  of  the  tools  and  the  rig  itself  must  also  be 
adapted  to  the  nature  of  the  material  to  be  penetmted.  In  rock  the 
rate  of  drilling  varies  from  a  few  inches  in  the  harder  limestones  to 
over  100  feet  a  day  in  certain  shales;  hence,  in  contracting  for  a  well, 
knowledge  of  the  character  of  the  various  beds  and  of  their  thickness 
is  of  the  greatest  value. 

As  already  intimated,  important  variations  in  the  character  and  thick- 
ness of  the  beds  may  take  place  underground  without  there  being  at  the 
surface  any  evidence  of  the  changes,  and  while  it  is  possible  to  judge, 
to  a  certain  extent,  of  the  character  of  the  beds  beneath  the  surface 
from  their  more  or  less  distant  outcrops,  by  far  the  most  accurate 
information  is  that  afforded  by  the  borings  in  the  same  or  adjacent 
regions. 

Water  supplies. — When  wells  are  located  in  valleys,  or  in  thickly 
settled  districts,  water  for  boiler  use  can  usually  be  obtained  from 
streams  or  the  wells  of  near-by  houses.  In  many  of  the  oil  fields, 
where  the  wells  are  frequently  located  upon  the  sides  or  tops  of  hills 
or  mountains,  the  question  of  boiler  supplies  is  important,  and  small, 
separate  wells  are  often  drilled  for  this  supply.  Beyond  the  ability  of 
the  rock  to  hold  water,  as  indicated  by  its  texture,  little  is  shown  by 


16  RECUBD   OF   DEEP    WELL    DRILLING    FOR   1904.  [bull.  264. 

the  surface  outcrop.  Nothing  as  to  crevices,  joints,  local  sandy  beds, 
etc.,  on  which  so  much  depends,  is  indicated.  All  this  can  be  finally 
determined  only  by  the  drill.  In  this  case  a  single  boring,  unless  in 
the  immediate  vicinity  of  the  proposed  new  well,  will  not  afford  an 
absolute  indication  of  the  conditions,  but  from  a  considerable  number 
sunk  in  the  same  kind  of  rock  an  average  is  obtained  which  shows  the 
predominating. conditions  characterizing  the  bed.  This  is  especially 
true  of  the  quality  of  the  water,  which  will  vary  greatly  in  different 
localities,  often  without  any  reference  to  conditions  discoverable  at  the 
surface. 

Casing  off  water, — Among  the  factors  affecting  the  sinking  of  a  well 
is  the  occurrence  of  water  in  quantities  necessitating  casing  it  off. 
This  is  of  importance  in  determining  the  amount  of  casing  necessary 
and  its  cost,  and  in  determining  the  size  of  the  original  hole  in  case  it 
is  anticipated  that  several  horizons  at  some  distance  from  one  another, 
each  of  which  may  involve  a  reduction  of  the  size  of  the  casing,  will 
be  encountered.  As  in  the  case  of  the  water  supplies  discussed  in  the 
preceding  paragraph,  the  most  satisfactory  information  is  that  fur- 
nished by  the  records  of  adjacent  wells. 

CoHing  off  ''cav<?"  rock, — In  many  of  the  older  wells  in  the  softer 
rocks,  especially  in  shales,  much  trouble  was  experienced  by  the  walls 
of  the  hole  caving  and  stopping  up  the  bore.  This  difficulty  will  be 
recalled  by  those  familiar  with  the  history  of  the  old  Dunkard  Ci'eek 
field,  in  southwestern  Pennsylvania,  where  many  of  the  wells  sunk 
without  casing  were  ruined  by  the  caving  of  the  walls.  Ev^en  now  that 
the  caving  is  easily  preventable  by  proper  casing,  a  knowledge  of  the 
depths  and  thicknesses  of  troublesome  beds  is  of  imj>ortance  in  deter- 
mining in  advance  the  questions  relating  to  casing  and  its  effect  on  the 
cost  of  the  well.  This  information  is  best  furnished  by  records,  as  in 
the  case  of  the  water  horizons  already  discussed. 

LimitH  of  depth, — Nothing  can  l>e  further  fit)m  the  tmth  than  the 
common  fallacy  that  oil,  gas,  water,  or  whatever  the  driller  may  be 
in  search  of,  can  be  had  if  the  hole  is  only  drilled  deep  enough.  In 
unaltered  porous  rocks  oil  and  gas  may  occur,  within  certain  limits, 
regardless  of  depth;  but  all  rocks,  of  whatever  character,  if  buried 
deep  enough,  especially  if  subjected  to  the  powerful  compression 
incident  to  the  formation  of  mountains,  become  altered  through  the 
influence  of  heat  and  pressure,  often  into  more  or  less  crystalline 
masses.  In  such  rocks  the  volatile  substances,  such  as  the  hydrocar- 
bons, are  expelled  and  it  is  useless  to  look  in  them  for  deposits  of  oil 
or  gas.  It  is  also  useless  to  seek  for  oil  in  rocks  of  igneous  origin — 
that  is,  those  which  have  once  been  molten — for  the  conditions  of  their 
formation  are  such  as  to  preclude  the  formation  or  retention  of  oil  or 
similar  substances.     Nevertheless,  wells  have  not  infrequently  been 
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sunk  into  such  rocks  in  search  of  oil,  biit  the  uselessness  of  this  is 
apparent  to  those  who  have  noted  the  records  of  similar  wells  else- 
where, as  well  as  to  geologists  and  others  who  understand  the  nature 
of  the  rocks.  The  value  of  accurate  records  in  indicating  the  depth  at 
which  it  is  advisable  to  stop  drilling  will  be  manifest  in  those  cases 
where  altered  or  igneous  rocks,  as  described  above,  are  encountered, 
and  in  general  the  logs  of  the  deeper  borings  arc  of  great  value  in 
showing  the  conditions  to  be  expected  at  great  depths. 

Oil  and  gas  shmcs, — In  drilling,  especially  wherfe  the  well  is  being 
sunk  to  a  known  producing  sand,  small  shows  of  oil  or  a  little  gas  are 
often  encountered  and  passed  through  without  much  attention  being 
paid  to  them.  Probably  many  instances  have  occurred  where  valuable 
flows  have  been  cased  off,  but  one  or  two  examples  will  suffice.  In 
the  region  southwest  of  Olean,  N.  Y.,  on  the  outskirts  of  the  Bmdford 
oil  field,  the  early  wells  were  all  sunk  to  the  Bradford  sand,  at  a  depth 
of  1,000  feet  or  so  below  the  valleys.  In  some  instances  shows  of  oil 
were  noted  at  a  certain  depth,  but  were  cased  off  without  it  being  sus- 
pected that  a  producing  sand  was  present  above  the  Bradford.  Later, 
when  the  Bradford  supplies  ran  low,  it  was  shown  that  the  sand  at  the 
upper  oil  show  could  be  developed  into  a  producer,  now  known  as  the 
Chipmunk  sand.  Where  accurate  records  had  been  preserved,  the 
casing  of  the  old  wells  was  locally  removed  and  both  sands  drawn  upon; 
but  where  because  of  lack  of  records  this  could  not  be  done,  new  wells 
had  to  be  sunk,  at  an  aggregate  cost  of  many  thousands  of  dollars. 
Similarly,  in  the  Bellevernon  and  other  gas  fields  in  southwestern 
Pennsylvania  gas  flows  which  >vould  now  be  of  great  value  were  cased 
oflf  in  the  old  days  of  high  pressure.  Where  accurate  recoixis  have 
been  kept,  these  can  be  utilized  by  removing  the  casing  in  the  old  wells, 
but  otherwise  new  wells  must  be  drilled. 

Structure. — It  has  been  many  3'ears  since  the  anticlinal  theory  of  oil 
and  gas  was  proposed.  This  theory  postulated  the  axis  of  the  anticline 
or  crest  of  the  rock  arch  as  the  most  favorable  point  for  the  occurrence 
of  gas,  while  oil  and  salt  water  should  be  successive!}^  encountered  in 
going  outward  from  the  crest.  While  all  anticlines  do  not  afford  oil 
or  gas,  and  while  oil  is  often  found  under  somewhat  different  condi- 
tions, as  at  the  point  just  above  where  a  steep  dip  changes  to  flat  (at 
the  top  of  the  rock  step,  as  it  were),  the  general  principle  involved  in 
the  theory  has  not  been  affected.  On  the  contmr}',  almost  every  dis- 
trict, when  closely  investigated,  is  shown  to  agree  with  these  princi- 
ples, so  that  at  the  present  time  the  problems  of  rock  structure  are  as 
important  as  the}'  ever  have  been  in  the  history  of  drilling  for  oil  and 
gas.  In  no  way  can  the  structure  be  determined  so  satisfactorily  and 
with  such  accuracv  as  bv  wells  or  boring  records. 

Bull.  264—05 2 
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VALUE  OF  RECORDS  TO  OWNERS  OF  OIL  AND  GAS  WELLS. 

The  statements  which  have  been  made  in  regard  to  the  benefit  of 
accurate  records  to  drillers  for  oil  and  gas  apply  with  added  force  to 
the  owners  of  wells,  for  the  ultimate  cost  of  the  wells  must,  in  nearly 
every  instance,  fall  upon-  them  rather  than  upon  the  drillers  or  con- 
tractors. The  structure,  as  determining  the  most  favorable  points 
for  drilling,  the  depth  of  the  producing  rock,  the  character  of  the 
materials  to  be  penetrated,  the  available  water  supplies,  the  casing 
required  to  shut  off  undesimble  water  and  to  support  "cave"  rock, 
and  the  supply  obtainable  are  all  of  the  greatest  importance  in  deter- 
mining the  success  or  failure  of  a  well.  As  has  been  pointed  out, 
this  information  is  best  afforded  by  records  of  adjacent  wells,  and  the 
opei*ator  will  practically  always  make  inquiries  in  regard  to  adjacent 
wells  before  l)eginning  his  own.  Frequently  these  wells  will  be  found 
to  have  been  drilled  many  years  ago  and  the  records  lost.  It  is  to 
prevent  such  loss  and,  instead,  to  make  the  information  permanentlj' 
available  that  the  work  of  collecting  records  and  samples  has  been 
undertaken  by  the  Survey. 

VALUE  OP  RECORDS  TO   DRILLERS   OR   OWNERS   OP   WATER 

WELLS. 

In  the  same  way  that  records  are  of  value  to  oil  and  gas  operators 
they  are  of  benefit  to  drillers  or  owners  of  water  wells.  The  question 
of  the  depth  of  the  wat«r-l)earing  rock,  for  instance,  is  of  even  greater 
importance  than  that  of  the  oil  or  gas  sands,  because  of  tlie  relatively 
low  value  of  the  water  as  compared  with  oil  or  gas.  With  crude 
petroleum  at  $1.50  a  barrel  a  supply  of  only  a  few  barrels  a  day  will 
give  a  profit  on  the  investment  required  for  a  well  of  2,<K)0  or  more 
feet  deep,  while  many  hundred  barrels  of  water  are  required  to  make 
even  a  much  shallower  well  profitable.  Moreover,  for  many  manufac- 
turing uses  the  supply  must  reach  a  certain  minimum,  representing  the 
amount  needed  for  the  processes  involved,  in  order  to  be  of  any  value 
whatever,  while  oil,  if  present  in  quantities  greater  than  a  mere  show, 
can  generally  be  successfully  utilized. 

The  great  importance  of  obtaining  water  supplies  at  a  moderate 
depth  will  be  seen  when  it  is  remembered  that  among  the  competitors 
of  any  manufacturing  establishment  there  will  always  be  some  who 
will  be  able  to  obtain  abundant  supplies  of  the  best  quality  at  almost 
no  cost  above  that  of  pumping.  In  such  instances  the  success  or  fail- 
ure of  an  enterprise  may  depend  on  obtaining  good  water  at  a  slight 
depth.  The  chanicter  of  the  material  to  Ix?  penetrated  and  the  amount 
of  casing  are  prominent  items  in  the  cost  and,  therefore,  largeh^  deter- 
mine the  success  or  failure  of  a  well.     Other  elements,  such  as  head, 
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volume,  permanency,  and  quality  of  the  supply,  become  of  great 
importance,  for  on  them  depend  the  uses  to  which  it  may  be  put. 

Upon  the  head,  for  instance,  depends  the  height  to  which  the  water 
will  rise,  thus  determining  whether  or  not  pumping,  with  its  attend- 
ant expense  for  outfit,  fuel,  and  labor,  will  be  necessary,  while  the 
obtaining  of  water  in  sufficient  volume,  or  of  a  certain  quality,  may,  as 
has  been  pointed  out  above,  determine  the  ability  of  a  manufacturer 
to  cope  with  competitors,  or  even  the  very  existence  of  an  industry  in 
a  given  locality.  The  probability  of  success  can,  in  many  instances, 
be  foretold  in  advance  where  records  in  surrounding  regions  are 
available.  The  importance  of  this  knowledge  has  been  long  appre- 
ciated by  those  interested  in  obtaining  supplies  for  industrial  pur- 
poses or  for  the  boilers  of  manufacturing  establishments  or  railroad 
locomotives. 

Wells  have  for  many  years  been  of  great  importance  as  a  source 
of  water  for  irrigation  at  many  points  in  the  West,  and  recently  they 
have  been  extensively  utilized  in  the  cultivation  of  rice  in  Louisiana 
and  other  States  of  the  Gulf  and  Atlantic  coastal  plains.  In  such 
regions  the  information  and  records  afforded  by  the  pioneer  wells  as 
to  the  depth  and  cost  of  wells,  quantity  and  quality  of  water,  etc., 
have  likewise  proved  of  much  value. 

Another  important  class  of  people  benefited  are  those  interested  in 
the  development  of  mineral  waters  for  bathing,  sanitariums,  and 
resorts,  or  for  the  purposes  of  bottling  for  table  or  medicinal  uses. 
The  depths,  quantity,  composition,  and  temperature  are  all  most  sat- 
isfactorily afforded  by  records  supplemented  by  the  analyses  which 
are  usually  made  soon  after  the  well  is  completed  and  which,  like  the 
records,  are  often  soon  lost. 

Records  of  adjacent  wells  may,  in  cases,  be  of  great  benefit,  especially 
to  owners  in  furnishing  a  check  on  statements  as  to  the  occurrence  of 
water  horizons,  depth  to  rock,  amount  of  casing,  total  depth  of  well, 
etc.,  all  of  which  are  sometimes  misstated  when  contracts  have  been 
let  for  a  specified  sum  per  foot  or  which  have  been  inaccurately 
reported  because  of  failure  to  keep  proper  records.  They  also  afford 
a  basis  of  comparison  as  to  conditions  with  more  successful  or  less 
successful  wells  of  the  locality,  and  frequently  give  a  clue  to  the 
cause  of  failure  or  of  variations  from  the  normal  wells. 

In  many  regions  the  surface  wells  gradually  fail  because  of  the 
deforesting  of  the  land  or  its  drainage  by  ditches,  and  it  may  become 
necessary  to  sink  deep  into  the  rock  for  a  permanent  supply.  All 
rocks  do  not  yield  water,  while  in  some  yielding  abundant  supplies 
the  water  carries  too  much  mineral  matter  for  ordinary  use.  It  is  in 
such  regions  that  records,  affording  a  basis  for  predicting  results,  are 
of  special  value. 
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IMPORTANCE  OF  RECORDS  TO  GEOLOGISTS. 

To  the  geologist  recx)rds  are  of  value  from  both  the  practical  and 
the  scientific  standpoints.  Problems  are  submitted  almost  daily  by 
drillers  and  by  present  or  prospective  well  owners  in  regard  to  the 
occurrence  of  oil,  gas,  or  water.  Where  he  can  visit  the  field  he  can, 
as  already  indicated,  work  out  the  general  features  of  structure  and 
character  and  thickness  of  beds,  and  can  make  certain  generalizations 
as  to  the  occurrence  of  water  and  in  some  cases  of  oil  and  gas;  but  he 
can  not  give  more  precise  information  without  a  knowledge  of  the 
changes  which  the  beds  undergo  beneath  the  surface,  and  these  are 
best  afforded  by  well  sections. 

The  occurrence  of  oil  and  gas  is  shown,  as  accurate  investigation 
proceeds,  to  be  more  and  more  dependent  upon  structure,  which  term 
is  here  used  in  a  broad  sense  to  include  both  the  attitude  of  the  rocks 
and  the  changes  in  extent,  thickness,  or  texture  which  they  may 
undergo  from  point  to  point,  and  the  same  holds  to  an  even  greater 
extent  in  regard  to  artesian  waters.  Combining  well  records  with  sur- 
face observations,  the  geologist  is  able  to  locate  the  anticlines,  sj'nclines, 
flats,  etc.,  so  important  in  their  l>earing  on  the  occurrence  of  oil  and 
gas,  to  determine  similar  structures  governing  the  occurrence  of  arte- 
sian waters  and  regulating  their  head,  to  predict  the  character  of  the 
material  to  be  penetrated,  to  fix  the  depth  of  the  producing  horizon, 
and  in  the  case  of  water  to  estimate  the  approximate  volume  to  be 
obtained. 

From  the  scientific  standpoint  records  and  samples,  especially  where 
the  latter  include  fossils,  aid  the  geologist  to  a  l)etter  understanding 
of  the  age  and  succession  of  the  rocks,  assist  him  in  the  correlation  of 
identical  or  equivalent  beds  in  remote  localities,  and  enable  him  to 
work  out  the  details  of  structure  and  historv,  all  of  which  furnish  a 
basis  for  conclusions  which  are  of  much  benefit  to  the  driller  or  well 
owner. 

WORK  OF  COIiL.ECTING  WBLiT^  RKCORDH  AND  HA3iPLE8. 

ORGANIZATION. 
EARLY   COLLECTION    OF   RECORDS. 

Ever  since  the  organization  of  the  Survey  the  collection  of  records 
as  an  aid  to  the  study  of  geology  has  formed  an  incidental  part  of  the 
work  of  the  geologist  in  the  field,  but  since  the  beginning  of  the  pre- 
cise stratigmphic  and  structural  work  of  recent  years  the  collection 
of  records  has  become  an  important  part  of  the  Survey's  work  in  cer- 
tain regions.  The  vast  majorit}'  of  wells,  cspeciall}'  in  Peiuisylvania, 
were  sunk  a  number  of  years  ago,  but  fortunately  many  records  have 
been  preserved.  These  were  carefully  collected  by  the  geologists  in 
the  individual  localities. 
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PROPOSED  SECTION  OF  OIL  AND  GAS   (1902). 

The  collection  of  records  finally  became  so  important  that  it  was 
thought  that  a  section,  organized  for  the  purpose  of  collecting  them  in 
connection  with  a  study  of  the  oil  and  gas  fields,  might  be  organized  to 
advantage,  and  an  outline  plan  for  8uch  a  section  was,  at  the  request 
of  Mr.  M.  R.  Campbell,  submitted  to  the  geologist  in  charge  of 
geology  April  28,  1902,  by  the  present  writer.  The  following  is  an 
extract  from  this  plan: 

In  the  proeecation  of  the  work  of  areal  mapping,  and  in  the  determination  of  the 
structare  of  the  areas  surveyed  by  Mr.  [M.  R.]  Campbell  and  members  of  his  party 
in  Pennsylvania  and  Indiana,  it  has  become  apparent  that  great  importance  is  to  be 
attached  to  the  information  which  may  be  derived  from  the  deep  borings  for  oil  and 
gas. 

As  has  been  pointed  out  by  Mr.  Campbell,  it  is  generally  only  in  increased  details 
of  outcrop,  made  possible  by  accurate  topographic  maps,  and  more  especially  in  the 
greater  refinement  in  structural  details,  that  improvement  has  been  made  upon  the 
detailed  work  of  the  earlier  surveys  in  the  region  mentioned.  Engineers,  coal  opera- 
tors, and  oil  and^gas  men  with  whom  the  geologists  have  come  in  contact  and  who 
have  learned  of  the  nature  of  the  structural  work  which  is  now  being  undertaken, 
have  almost  invariably  shown  a  marked  interest  in  what  is  being  accomplished  and 
have  fully  appreciated  its  value  to  them  as  practical  men. 

Already  many  errors,  some  of  them  very  grave,  have  been  found  in  the  structural 
work  of  the  Second  Survey  of  Pennsylvania.  Supposedly  continuous  folds  have 
been  found  in  reality  to  consist  of  a  series  of  short  disconnected  ellipsoid  domes  and 
canoe-shaped  troughs,  and  marked  by  frequent  irregularities  and  by  noti(«able  offsets 
at  their  tenninations.  Others  have  been  shown  to  vary  at  angles  as  high  as  60°  or 
more  from  the  positions  previously  determined,  and,  in  fact,  everywhere  abound  in 
unsuspecteil  relations.  The  once  famous  oil  fields  west  and  northwest  of  Bradys 
Bend  on  the  Allegheny  River  have  previously  been  thought  to  have  no  relation  to 
structure,  but  have  now  been  proved  to  have  a  very  close  and  definite  relation  U)  it, 
a  fact  that  should  be  of  great  value  in  the  drilling  for  the  Speechley  oil  sand  which 
is  now  going  on,  and  in  the  drilling  of  gas  wellH,  which,  following  the  recent  revival 
of  activity,  are  fast  becoming  of  great  importance  in  this  and  other  regions. 

The  determination  of  the  minor  but  important  detaiis  of  structure  is  dependent  (1 ) 
upon  information  afforded  by  mines,  (2)  upon  ol>servation  and  correlation  of  natural 
outcrops,  and  (3)  upon  information  afforde<l  by  deep  wells.  The  first  is  available 
only  in  synclines  containing  workable  coals.  The  second  is  of  little  value  in  many 
localities  because  of  the  general  absence  of  distinctive  characteristics  over  broa<l  areas 
and  through  considerable  vertical  ranges  of  the  Devonian  and  Carboniferous  n)ck8, 
not  only  in  Pennsylvania  and  Indiana,  but  in  many  other  of  the  areas  where  these 
rocks  occur.  In  such  regions  the  oil  and  gas  wells  have  frequently  furnished  the  only 
reliable  data  for  the  determination  of  the  structural  details. 

The  growing  disposition  on  the  part  of  the  States  to  cooperate  with  the  United 
States  Geological  Survey  makes  it  somewhat  probable  that  work  similar  to  that 
now  going  on  in  Pennsylvania  will  at  no  very  distant  date  be  undertaken  at  other 
points,  where  presumably  similar  conditions  will  prevail  and  similar  results  be 
expected  and  required. 

The  great  value  of  well  records  in  his  work  in  Pennsylvania  was  fully  appreciated 
by  Mr.  Campbell,  and  considerable  amounts  of  time  were  devoted  both  by  him  and 
by  myself  to  the  collection  of  such  records.  Some  1,500  were  obtained  in  1901. 
It  has  become  apparent,  however,  that  to  carry  out  the  collection  of  records  to  the 
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extent  desirable,  and  especially  to  properly  file  and  catalogue  them  so  as  to  be 
readily  available,  is  impracticable  with  the  present  force.  This,  in  addition  to  the 
advisability  of  collecting  and  publishing  this  information  (which  seems  likely  to  be 
of  considerable  economic  value),  has  led  Mr.  Campbell  to  suggest  to  me  that  I  place 
before  you  the  question  as  to  the  advisability  of  employing  or  assigning  some  geolo- 
gist or  other  person  who  can  devote  the  whole  or  a  laige  part  of  his  time  to  the 
work,  and  who  should  be  given  chaiig;e,  under  your  supervision,  of  the  work  relating 
to  oil  and  gas. 

Some  of  the  duties  that  might  be  expected  to  devolve,  in  whole  or  in  part,  upon 
an  assistant  geologist  or  geologist  in  chai^  of  oil  and  gas  are  as  follows: 

1.  To  consult  with  other  geologists  and  with  hydrographers  and  topographers  with 
the  view  of  collecting  and  filing  information  relating  to  deep  borings  for  oil  and  gas 
obtained  by  the  various  field  parties  of  the  Survey. 

2.  To  obtain  representative  records  and  information  as  to  structure  of  all  pools  as 
far  as  possible. 

3.  To  collect  and  file  samples  of  oil-  and  gas-bearing  rocks,  together  with  other 
characteristic  beds  encountered,  as  far  as  feasible. 

4.  To  gather  together  published  records  and  all  available  unpublished  records  as 
far  as  practicable,  and  to  file  them  in  the  form  of  card  catalogues  which  will  be  avail- 
able to  the  members  of  the  Survey  at  all  times. 

5.  To  prepare  a  bibliography  of  all  oil  and  gas  papers  which  have  appeared  in 
scientific  publications  and,  as  far  as  practicable,  those  which  have  appeared  in  trade 
journals  up  to  and  including  1900. 

6.  To  keep  a  bibliographic  catalogue  of  all  oil  and  gas  papers  which  have  appeared 
since  1900  in  both  scientific  and  trade  journals. 

7.  To  review  oil  and  gas  periodicals  and  to  keep  records  of  developments  and 
progress. 

8.  To  keep  a  general  index  map  showing  the  location  of  the  oil  and  gas  fields 
throughout  the  United  States. 

9.  To  keep  State  or  county  maps  or  topographic  maps  of  the  Survey,  where  avail- 
able, to  show  the  details  of  the  various  fields  and  pools  of  oil  and  gas.    . 

10.  To  prepare  geologic  columnar  sections  for  each  pool  as  far  as  possible. 

11.  To  prepare  digests  of  structure  for  each  pool  as  far  as  possible. 

12.  To  keep  a  catalogue  of  all  sands  and  their  character  and  geologic  positions  as 
far  as  known. 

13.  To  pre{)are  correlation  tables  of  the  various  sands  where  the  information  is 
available. 

.  14.  To  visit  new  fields  and  investigate  the  geology  and  determine  the  structure, 
running  levels  where  necessary. 

15.  To  visit,  collect  records,  and  prepare  reports  on  the  oil  and  gas  in  quadrangles 
and  districts  where  it  is  not  practicable  for  the  geologist  in  charge  to  give  his  personal 
attention  to  the  problem. 

16.  To  furnish  other  geologists  with  all  information  as  to  stratigraphy,  structure, 
etc.,  which  is  afforded  by  the  samples  and  by  the  records  and  other  information 
on  file. 

17.  To  answer  inquiries  of  operators,  etc.,  regarding  structure  and  other  points 
relating  to  oil  and  gas  as  far  as  possible,  without  divulging  confidential  information. 

18.  To  publish  immediately  in  trade  journals  summaries  of  the  geological  knowl- 
eiige  of  the  regions  of  newly  discovered  pools. 

19.  To  publish  in  Survey  publications  from  time  to  time  detailed  reports  of  the 
development,  structure,  and  general  geology  of  new  pools  or  the  extensions  of  old 
(>ools. 

20.  To  prepare  statistics  on  production,  etc.,  for  the  Mineral  Resources,  if  required. 
To  sumuiarize,  the  appointment  or  assignment  of  a  geologist  to  take  charge  of  the 
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oil  and  gas  problems  would  create  a  eort  of  ''bureau  of  information"  which  would 
be  of  much  value  to  both  the  operator  and  the  geologist. 

The  gas  production  is  greater  now  than  at  any  time  in  the  past,  and  the  oil  pro- 
duction is  holding  its  ground  fairly  satisfactorily.  It  seems  likely,  therefore,  that 
there  will  be  steady  demand  for  information  for  some  time  to  come,  and  it  is  not 
unlikely  that  an  *'oil  and  gas  division  "  could  be  made  a  division  of  some  importance 
in  the  Survey. 

ORGANIZATION   OF  THE    "  WELL   DIVISION." 

The  lack  of  available  funds  made  it  impossible  to  take  up  the  plan 
as  a  part  of  the  work  of  the  geologic  branch  at  that  time,  but  in 
November  of  the  same  year  a  memorandum  embodying  a  plan  for  a 
proposed  '*  well  division  "  was  submitted  to  the  Director  by  Mr.  F.  H. 
Newell.  Under  this  plan  it  was  proposed  to  organize  in  the  hydro- 
graphic  branch  a  division  of  work  devoted  to  wells  and  ground  waters, 
which  should  be  under  the  charge  of  a  geologist  designated  ''chief  of 
the  well  division,"  under  whom  would  be  two  assistant  chiefs,  one  for 
the  eastern  part  of  the  country  and  the  other  for  the  western  part, 
including  the  sixteen  reclamation  States  and  Territories.  It  was 
expected  that  each  would  spend  at  least  four  months  of  the  year  in  the 
Washington  office,  so  that  one  geologist  would  be  constantly  on  duty 
to  attend  to  administrative  work  and  correspondence.  It  was  pro- 
posed to  give  particular  attention  to  a  card  catalogue  of  wells  and  to 
the  compilation  and  filing  of  schedules  relating  to  wells,  which  should 
include  those  drilled  for  oil  and  gas  as  well  as  for  water.  The  cata- 
logue and  other  data  were  to  be  available  to  the  entire  Survey,  and 
the  officers  of  the  division  were  to  supply  information  to  drillers  and 
others  requesting  it.  In  addition  to  the  regular  geologists,  it  was 
planned  to  have  an  assistant  in  each  State  to  visit  wells,  study  the 
stratigraphy,  collect  general  information,  and  prepare  detailed  reports 
on  the  geology  in  its  relation  to  the  water  resources,  the  results  of 
which  were 'to  be  published  annually  in  progress  reports,  or  as  sepa- 
rate water-supply  papers  in  the  case  of  completed  studies. 

The  memorandum  of  Mr.  Newell  was  referred  to  Dr.  C.  W.  Hayes, 
geologist  in  charge  of  geology,  who,  in  a  letter  to  the  Director  dated 
November  18,  1902,  expressed  his  agreement  with  Mr.  Newell  as  to 
the  necessity  of  such  an  organized  effort  to  systematically  secure  the 
records  of  wells  being  drilled  for  various  purposes  throughout  the 
country,  but  questioned  the  desirability  of  placing  one  man  in  charge 
of  the  entire  work.  Instead,  a  recommendation  was  made  that  two 
geologists  be  employed,  one  to  be  placed  in  charge  of  the  eastern  sec- 
tion and  the  other  in  charge  of  the  western.  It  was  proposed  that 
the  general  supervision  of  the  work  and  of  the  scientific  portions 
relating  to  water  should  rest  with  the  hydrographic  branch,  while  the 
portions  relating  to  geology  should  be  under  the  similar  supervision 
of  the  geologic  branch. 
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The  letter  contained  a  recommendation  that  the  present  writer  be 
assigned  to  the  charge  of  the  eastern  section,  which  assignment  was 
made  by  the  Director  on  December  23.  To  Mr.  N.  H.  Darton  was 
assigned  the  charge  of  the  western  section. 

WORK  OF  THE   DIVISION   OF  HYDROLOGY   IN    1903. 

The  designation  of  ''well  division"  later  gave  place  to  that  of 
''division  of  hydrology,"  but  without  change  of  scope  of  work.  Plans 
for  collecting  well  records  were  taken  up  immediately  on*  the  organiza- 
tion of  the  division.  As  has  been  indicated,  it  was  originally  intended 
to  include  the  collection  of  oil  and  gas  records  with  those  of  water,  but 
because  of  lack  of  available  funds  and  proper  assistance  it  was  neces- 
sary to  confine  attention  entirely  to  water.  For  use  in  connection 
with  the  collection  of  well  data,  forms  for  mailing  to  well  owners  and 
cards  for  filing  the  information  were  prepared.  The  form  for  mail- 
ing has  been  slight!}^  modified  from  time  to  time.  The  form  now 
used  is  as  follows: 

Sir:  In  ite  study  of  the  water  resources  of  the  United  States,  which  this  Survey  is 
making  with  the  view  of  publishing  the  results  for  the  benefit  of  the  people,  an 
attempt  is  being  made  to  obtain  imi)ortant  facts  relating  to  wells,  whetlier  flowing 
or  not.  As  it  is  impracticable  on  account  of  expense  to  visit  all  places,  the  endeavor 
is  made  to  extend  and  complete  the  information  by  correspondence.  If  you  will  aid 
in  this  work  by  furnishing  the  data  requested  in  the  following  list  of  questions  your 
assistance  will  be  much  appreciated.  If  you  can  not  supply  all  the  data,  kindly 
answer  such  of  the  questions  as  you  can,  a  partial  report  being  much  better  than 
none. 

The  following  inquiry  blank  is  on  the  same  form  with  the  above 
letter: 

1.  Well  is  in County.    The  nearest  post-office  is 

Distance  of  well  from  post-office Direction  from  post-office 

(Miles.) 

Ix)cate  by  section  if  public-land  surveys  exist:  Township Range , 

Section ,  Quarter 

If  in  town,  give  street  and  numlxjr 

2.  Owner Address 

3.  Driller Address  

4.  Situation  of  well Elevation  is feet the 

(Hill,  slope,  plain,  valley.)  (Alx)ve  or  below. ) 

level  of 

(Sea,  railn»acl  station,  lake,  river. ) 

5.  Type  of  well Year  comjileted Diameter  at 

(Dug,  driven,  bored,  or  drilled.) 

top At  bottom 

6.  Depth  of  well Does  it  enter  ro(!k? If  so,  at  what  depth? 

7.  Depth  to  principal  water  l)ed Character  of 

water  bed 

((iravel.  sand,  day,  nwk.  etc.     If  roek,  state  kind.) 

8.  Were  any  other  water  beils  or  seams  found? If  so,  give  depth  of  each 

9.  (jive  sizes  and  len>?ths  of  casing 
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10.  Does  water  flow  at  surface  without  pumping? If  so,  at  what  height 

does  it  now  flow? 

Has  it  been  tested  to  see  how  high  it  will  rise? If  so,  to  what 

height? What  is  its  pressure? 

If  not  flowing,  how  near  surface  does  it  stand  when  highest? 

When  lowest? 

11.  Is  well  pumped? If  so,  by 

what 

(Suction,  deep  well,  or  force  pump,  steam,  ga«oline,  air-lift,  or  windmill.) 

12.  Temperature  of  water  at  well  mouth Month  taken 

Temperature  at  bottom 

13.  Natural  yield,  if  flowing Maximum  yield  by  pumping 

(Gals,  per  mln. )  (Qals.  per  min.) 

water  is  lowered feet  by  pumping. 

(State  number.) 

14.  Has  supply  decreased  or  increased? To  what  due? 

15.  Is  flow  or  clearness  of  water  affected  by  storms,  winds,  etc.? If  so,' 

describe 

16.  Quality  of  water — hard,  soft,  salty,  alkaline,  iron,  or  sulphur  bearing 

Cost  of  well Of  pumps 

17.  Is  water  used  for  drinking? Washing? Cooking? 

Stock? Manufacturing? Irrigation? 

If  for  manufacturing  uses,  state  nature If  for  irrigation,  give 

(Tops 

If  used  for  public  supply,  give  number  of  buildings  and  people  supplied: 

Buildings People 

Is  it  sold? If  BO,  for  what  purposes? 

If  used  for  purposes  not  mentioned,  please  name 

18.  Describe  interesting  peculiarities  of  well,  if  any,  on  back  of  this  sheet 

19.  Give  record  of  beds  passed  through,  analysis  of  water,  names  of  other  well 

owners  or  drillers  on  back. 
Name  of  person  filling  out  blank 

These  or  similar  circulars  were  distributed  in  Maine,  New  Hamp- 
shire, Vermont,  Rhode  Island,  Connecticut,  New  York,  (xeorgia,  Flor- 
ida, Mississippi,  Tennessee,  Kentucky,  Arkansas,  Missouri,  Iowa, 
Minnesota,  Wisconsin,  and  Michigan,  and  a  large  number  of  records 
were  obtained,  of  which  about  2,750  were  listed  in  Water-Supply  and 
Irrigation  Paper  No.  102.  The  larger  part  of  the  records  gave  little 
information  as  to  the  strata  penetrated,  although  a  considerable  num- 
ber of  detailed  records  were  obtained  from  scattered  localities  and 
published,  in  the  paper  mentioned.  The  circulars  descril)ed  are  still 
largely  used  to  obtiiin  data  relating  to  wells  other  than  records  of 
strata  penetrated. 

PRESENT  ORGANIZATION   OF  THE  WORK. 

• 

In  the  summer  of  1903  it  became  necessary,  in  order  to  make  fine 
distinctions  in  glacial  materials  on  Long  Island,  New  York,  where 
the  geology  and  watei*  resources  were  under  investigation,  to  col- 
lect samples  from  the  wells  being  drilled  on  the  island.  This  work 
of  collecting  sii^mples  was  in  charge  of  Mr.  A.  C.  Veatch.     The  will- 
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ingness  shown  by  operators  and  drillers  to  assist  and  the  value  of  the 
material  obtained  suggested  the  organization  of  a  similar  system  for 
the  entire  country. 

Accordingly,  during  the  fall  of  1903,  Mr.  Veatch  drew  up  an  out- 
line of  a  proposed  system  for  collecting  and  preserving  well  samples, 
which  was  indorsed  by  the  geologists  interested  in  the  keeping  of  rec- 
ords and  samples,  with  the  result  that  it  was  decided  to  take  up  the 
work  as  soon  as  circumstances  should  permit,  which  was  at  the  begin- 
ning of  the  fisoiil  year  1904-5. 

The  plan  outlined  by  Mr.  Veatch  for  the  collection  of  well  records 
and  samples  contained  many  points  in  common  with  that  for  the  pro- 
posed "  oil  and  gas  section,"  submitted  by  the  present  writer  in  1902. 
(See  pp.  28-39.)  The  principal  points  of  difference  are  the  inclusion  of 
water  wells  in  the  present  system  and  the  exclusion  of  oil  and  gas  data, 
except  as  they  relate  to  stratigraphy  and  structure  as  shown  by  the 
well  records.  The  items  covered  by  paragraphs  1,  2,  3,  4,  7,  16,  and 
17  of  the  former  plan  are  likewise  covered  by  the  present  work,  while 
it  is  hoped  that  in  the  future  those  mentioned  in  paragraphs  10,  11, 
and  14  will  also  be  included. 

As  the  plan  originated  in  the  division  of  hydrology  the  new  work 
was  assigned  to  it,  about  two-fifths  of  the  expense  being  borne  by  the 
eastern  section  and  the  remainder  shared  equally  by  the  western 
section  of  hydrology  and  the  geologic  branch.  The  oversight  of  the 
work  rests  with  the  chief  of  the  eastern  section,  but  it3  inauguration 
was  placed  in  the  hands  of  Mr.  Veatch,  assisted  by  Mr.  E.  F.  Lines, 
by  whom  it  was  put  into  successful  operation.  On  the  relinquishment 
of  the  work  by  Mr.  Veatch,  who  wished  to  take  up  more  purely 
scientific  problems,  the  prosecution  devolved  upon  Mr.  Lines,  to 
whom  much  of  the  success  of  the  work  is  due. 

RESULTS. 

The  results  obtained  during  the  six  months  in  which  the  system  for 
collecting  records  and  samples  has  been  in  operation  are  very  gratify- 
ing. The  practical  nature  of  the  plan  has  appealed  to  drillers  and 
others  interested  in  wells  and  has  resulted  in  many  offers  of  coopera- 
tion. The  plan  has  likewise  been  cordially  received  by  the  press 
and  favorably  commented  upon  editorially. 

In  the  office  the  plan  has  likewise  been  shown  to  be  eminently 
practical.  The  system  outlined  by  Mr.  Veatch  has  now  been  in  opera- 
tion long  enough  to  thoroughly  test  its  efficiency,  and  has  proved  to 
be  simple  in  operation,  economical  as  to  labor,  convenient  to  handle, 
and  effective  in  its  results.  A  few  minor  changes  have  been  found 
desirable,  but  in  all  its  main  features  the  plan  followed  is  substantially 
as  originallj'  formulated. 
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The  results  of  the  work  may  be  summarized  as  follows: 

Approximate  number  of  persons  returning  samples,  200. 
Number  of  wells  represented  by  complete  sets  of  samples,  111. 
Number  of -wells  represented  by  incomplete  sets  of  samples,  190. 
Total  number  of  samples  received,  3,945. 
Records  received  in  Survey  notebooks,  139. 
Records  received  in  other  ways,  230. 

The  scientitic  results  include  detailed  records  from  111  wells.  Of 
these  nothing  need  Ije  said,  their  character  being  indicated  by  the 
present  report. 

METHODS  OF  WORK. 

A  number  of  States  have,  as  a  part  of  their  work,  undertaken  a 
more  or  less  systematic  collection  of  deep-well  records.  The  Second 
Geological  Survey  of  Pennsylvania  especially  gave  great  attention  to 
'this  feature,  employing  several  men  on  the  work  of  collecting  and 
tabulating  well  records,  of  which  several  thousand  were  published. 
In  some  cases  observers  selected  by  the  State  survey  were  stationed  at 
certain  important  wells  to  insure  the  collection  of  samples  and  the 
taking  of  accurate  measurements.  A  great  number  of  well  records 
have  also  been  independently  collected  by  geologists  throughout  the 
country  for  the  information  they  throw  on  stratigraphic  and  other 
problems,  and  a  considerable  number  of  them  have  been  published, 
often  constituting  contributions  of  great  importance  to  those  inter- 
ested in  the  occurrence  of  oil,  gas,  brines,  and  potable  waters.  The 
present  system  of  the  United  States  Geological  Survey  is  believed  to 
be  more  extensive  and  comprehensive  than  any  previouslj'^  put  in  oper- 
ation for  the  collection  of  well  records  and  samples,  and  it  has  been 
thought  desirable  to  put  on  record  a  description  of  the  plan,  for  the 
benefit  of  those  persons  or  organizations  who  may  desire  to  conduct 
similar  work  in  the  future. 

It  being  manifestly  impossible,  because  of  the  great  expense 
involved,  to  place  observers  at  the  various  wells,  it  was  necessary  to 
arrange  for  cooperation  on  the  part  of  drillers  throughout  the  coun- 
try. This  cooperation  could  in  general  be  expected  only  when  the 
drillers  should  be  substantially  benefited  by  the  work,  and  conse- 
quently in  the  development  of  the  plan  this  point  was  kept  con- 
stantly in  the  foreground.  Arrangements  were  made  whereby  such 
questions  as  the  drillers  should  submit  in  regard  to  their  work  would 
be  promptly  attended  to,  and  records  interpreted  or  samples  examined 
on  request.  In  return  the  driller  is  requested  to  furnish  written  records 
of  his  wells  and  samples  of  materials  penetrated,  his  assistance  to  be 
acknowledged  in  the  reports  on  well  records,  issued  annually. 
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GENERAL   PLAN   AND  DETAILS  OF  WORK. 
(Formulated  by  A.  C.  Veatch.) 

The  plan  followed  in  the  collection  of  well  records  and  samples  was 
developed  by  Mr.  A.  (/.  Veatch,  assistant  geologist,  who  also  drew  up 
the  various  forms  used  in  correspondence,  field,  and  office.  The  work 
may  be  summarized  as  follows: 

First  step  is  to  obtain  the  names  and  addresses  of  drillers  and  well 
owners,  who  are  informed  of  the  advantages  of  saving  samples  and 
records  and  invited  to  cooperate.  When  a  driller  signifies  his  willing- 
ness to  assist,  he  is  supplied  with  notebooks  for  keeping  the  records, 
and  small  bags  for  shipping  the  samples  through  the  mails  free  of 
cost.  The  receipt  of  all  records  or  samples  is  acknowledged.  If  the 
original  invitation  to  cooperate  is  not  answered  within  a  reasonable 
time,  a  second  request  is  sent,  which  may  be  followed  by  others  if 
necessary.  An  account  is  kept,  by  means  of  a  card  file,  of  letters  and 
bags  sent,  and  the  records  and  samples  are  likewise  systematically  filed 
as  received.  At  the  end  of  each  year,  or  oftener  if  the  conditions 
demand,  a  report  is  to  be  prepared  giving  the  names  of  persons  coop- 
erating, a  summary  of  the  wells  reported,  and  complete  records  of  the 
more  important  wells  represented  by  samples  or  by  detailed  records, 

SOURCES  OF   ADDRESSES  OP   DRILLERS  AND   WELL  OWNERS. 

One  of  the  first  steps  in  the  work  was  to  secure  the  names  of  drillers 
or  owners  of  wells  in  process  of  drilling.  These  were  obtained  from 
the  following  sources:  (1)  City  directories,  gazetteers,  etc.,  (2)  parties 
voluntarily  offering  to  cooperate,  (3)  trade  and  engineering  publica- 
tions, (4)  geologists  and  others  in  the  field,  (5)  newspaper  clippings. 

The  city  directories  and  gazetteers  of  drillers  furnished  the  largest 
number  of  addresses,  but  as  all  classes  of  drillers,  including  many  local 
operators,  are  there  included  the  percentage  volunteering  to  assist  was 
small.  Perhaps  the  most  etfective  aid  was  secured  through  voluntary 
offers  of  assistance  from  drillers  in  response  to  a  press  notice  describ- 
ing the  work  which  the  Survey  is  undertaking  in  the  collection  of 
samples  and  records  and  asking  for  cooperation.  This  was  widely 
published,  often  with  favomble  editorial  comment,  in  engineering,  oil, 
and  water  journals  and  in  newspapers.  A  large  number  of  addresses 
of  drillers  and  owners  were  also  secured  from  advertisements  for  bids, 
news  notes  on  water  supplies,  etc.,  in  the  engineering  and  tnide  jour- 
nals. The  journals  now  consulted  are  as  follows:  Engineering  News, 
Fire  and  Water  Engineering,  American  Magazine  of  Mining  and 
Investment,  Pacific  Oil  Repoiier,  Petroleum  Gazette,  Oil  Investors 
Journal,  and  the  semiweekly  Oil  City  Derrick.  A  single  issue  of  a 
weekly  magazine  may  furnish  as  high  as  ten  or  more  addresses,  and  the 
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cooperation  obtained  through  these  addresses,  especially  through  those 
obtained  from  advertisements  for  bids,  is  especially  eflScient.  The 
newspapers  throughout  the  country  contain  a  vast  amount  of  infoima- 
tion  relating  to  wells,  but  it  has  been  found  that  this  is  not  satisfactorily 
collected  by  the  press-clipping  bureaus,  and  at  present  little  use  can 
be  made  of  it. 

Filing  of  cUjypings. — ^The  magazines  are  examined  as  received  and 
clippings  taken  of  advertisements  for  bids,  news  notes,  etc.  These, 
together  with  the  clippings  received  through  the  press  bureaus,  are 
commonly  pasted  on  a  4  by  6  inch  card.  At  the  top  of  this  card  is 
space  for  the  name  of  the  State,  county,  and  town.  If  the  clippings 
are  long  and  require  folding,  an  envelope  attached  to  the  face  of  the 
card,  opening  upward,  is  of  nmch  assistance  }n  filing. 

The  clipping  cards  are  marked  with  the  name  of  the  publication, 
and  the  volume,  page,  and  date,  a/ter  which  they  are  filed  by  State, 
county,  and  locality.  The  clipping  file  gives  not  only  addresses,  but 
a  comprehensive  summary  of  drilling  operations  and  allied  subjects. 


PREPARATION   OF   MAILING    LIST. 


Eku^h  name  and  address  of  a  driller  or  well  owner  is  entered  on  a 
4  by  6  inch  card,  which  also  serves  as  a  stock  card.  In  addition  to  the 
spaces  for  the  name  and  address  there  are  spaces  for  recording  the 
position  (owner,  contractor,  foreman,  driller,  etc.)  of  the  person 
referred  to,  the  dates  on  which  circular  letters  inviting  cooperation 
were  sent,  the  addresses  to  which  supplies  are  sent,  the  number  of 
notebooks  and  bags  furnished,  and  the  dates  on  which  they  were  for- 
warded.    The  form  of  this  card  is  shown  below. 


1    2    8    4    5    6    7    8    9   10  11   12   13   14   15   16   17    18    19   20   21    22   23   24   25   26   27   28   29   80   31 
Name,  Position, 


Permanent  address. 


First  circular  sent. 


Circulars  sent. 


Date. 

AddreHH. 

N.B. 

Account  of  bug 
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ARBANGEMENTB   FOR  COOPERATION. 

When  the  addresses  are  first  recorded  on  the  cards,  a  letter  inviting 
cooperation  is  sent.  The  character  of  the  letter  varies  with  the  person 
to  whom  it  is  addressed,  but  one  or  the  other  of  two  forms  is  commonly 
used.  These  are  given  below,  the  first  being  sent  to  drillers  and  the 
second  to  well  owners. 

Letter  sent  to  drillers. 

Sir:  The  demand  for  information  regarding  wells  has  become  so  great  that  the 
United  States  Geological  Survey  has  decided  to  issue  a  yearly  publication  giving, 
briefly  an  account  of  the  wells  bored  in  the  preceding  year.  This  report  is  to  be 
published  as  near  the  beginning  of  each  year  as  practicable,  and  will  be  sent  to  all 
who  apply  for  it  It  will  contain  the  names  and  addresses  of  persons  doing  well 
work,  and  will  summarize  the  work  done  by  them  in  the  preceding  year. 

In  order  that  no  portion  of  your  work  may  be  overlooked  in  thfs  report,  you  are 
requested  to  inform  this  office  from  time  to  time  of  the  progress  of  your  work  and  to 
forwanl  records  and  samples  of  the  materials  penetrated  in  your  wells. 

That  the  foreman  of  the  outfit,  or  the  person  visiting  the  wells,  may  not  be  bur- 
dened with  a  great  number  of  bulky  bottles  or  cans  and  an  ever-growing  accumula- 
tion of  samples,  small  canvas  bags  have  been  prepared  (one  of  which  is  inclosed)  in 
which  samples  may  be  transmitted  through  the  mails  without  the  payment  of  post- 
age. As  these  samples  can  be  mailed  as  often  as  the  men  visit  the  post-office,  there 
is  no  danger  that  they  will  accumulate  and  become  burdensome.  For  the  keeping 
of  a  log  a  convenient  pocket  memorandum  book  has  been  prepared  and  will  be  sent 
with  the  sample  bags. 

In  order  to  keep  in  touch  with  you  and  your  foreman,  a  card  like  the  inclosed  will 
be  mailed  at  stated  intervals.  This  will  not  only  serve  as  a  reminder,  but  will  save 
you  some  clerical  labor. 

This  work  should  enlist  your  cooperation  for  the  following  reasons: 

First.  Your  name  and  work  will  be  kept  before  a  class  of  readers  interested  in  well 
drilling. 

Second.  Records  of  your  work  will  be  carefully  filed  in  this  office,  and  will  be 
readily  available  to  you  at  any  time,  so  that  in  case  your  notes  are  lost  they  can  be 
duplicated. 

Third.  You  will  aid  materially  in  the  study  of  the  geological  structure  of  the 
United  States,  a  know  ledge  of  which  can  not  fail  to  benefit  you  as  a  well  driller. 

In  some  cases  it  will  be  necessary  that  the  records  should  be  regarded  as  confiden- 
tial, and  in  these  cases  the  information  will  be  carefully  guarded,  and  used  only 
under  the  conditions  which  you  stipulate. 

I  shall  be  glad  to  hear  from  you  regarding  this  work  and  will  be  grateful  to  you 
for  any  suggestions. 

Letter  sent  to  well  oivners. 

Sir:  The  Survey  is  making  a  systematic  collection  of  well  records  and  samples. 
Such  data  are  of  great  assistance  in  the  study  of  many  of  the  problems  which  the  Sur- 
vey is  called  upon  to  investigate,  and  you  are  cordially  invited  to  render  assistance 
by  sending  to  this  office  records  and  samples  from  the  wells  in  which  you  are 
interested. 

The  results  of  this  work,  except  in  cases  of  confidential  records,  will  appear  in  a 
yearly  publication  and  in  detailed  reports  of  special  areas,  which  will  be  prepared 
from  time  to  time,  copies  of  which  w^ill  be  sent  to  you. 

If  you  will  undertake  to  save  samples,  please  sign  and  return  the  inclosed  card, 
which  requires  no  postage.     A  supply  of  canvas  bags  like  the  one  inclosed  will  then 
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be  sent  yon,  in  order  that  the  samples  may  be  transmitted  through  the  mails  without 
the  payment  of  postac^. 

In  some  cases  it  is  necessary  that  records  be  regarded  as  confidential,  and  in  these 
cases  the  information  will  be  carefully  guarded  and  used  only  under  the  conditions 
which  you  stipulate. 

When  the  first  letter  inviting  cooperation  is  sent  out  the  date  is 
entered  on  the  card  (p.  29).  If  a  reply  is  not  received  in  two  weeks 
or  a  month,  it  is  often  desirable  to  send  out  a  second  letter.  In  order 
to  keep  track  of  this  correspondence,  projecting  metal  clips  of  differ- 
ent colors  are  used.  Thus,  if  the  first  circular  is  sent  out  on  January 
1,  and  it  is  desired  to  send  a  second  letter  on  January  15,  the  date 
January  1  is  entered  on  the  line  opposite  "circulars  sent,"  while  the 
clip  is  placed  on  the  number  15  at  the  top  of  the  card.  As  the  cards 
are  of  uniform  size  and  fit  closely  into  the  drawer,  all  the  clips  for  a 
given  date  fall  in  a  single  line,  and  it  is  easy  to  select  the  cards  for  a 
particular  date  without  handling  those  relating  to  any  other  date.  To 
assist  still  further  in  handling  the  correspondence,  clips  of  the  follow- 
ing colors  are  used  for  the  different  classes  of  cooperators:  Copper 
for  persons  such  as  foremen  for  large  firms  saving  samples  by  order 
of  employers  or  others;  white  for  all  other  persons  saving  samples; 
green  for  ownei"s  not  saving  samples,  and  steel-blue  for  drillers  not 
saving  samples. 

If  a  reply  is  not  received  to  the  first  letter  by  the  end  of  two  weeks, 
a  second  letter  is  sent,  which  is  commonly  as  follows: 

Second  letter  sent  to  drillers  and  u^eU  ovmers. 

Sir:  In  order  that  the  collection  of  well  samples  heing  made  by  this  officre  may  be 
as  complete  as  possible,  one  of  the  inclosed  forms  is  sent  at  stated  intervals  to  all 
persons  interested  in  well  drilling. 

If  you  will  save  samples  of  well  borings  for  the  Geological  Survey,  please  fill  out 
this  card,  which  requires  no  postage,  and  return  it  to  this  ofiice,  when  a  supply  of 
canvas  bags,  which  will  carry  the  samples  through  the  mail  without  the  payment 
of  postage,  will  be  sent  you. 

The  card  should  also  be  filled  out  if  you  need  additional  sample  bag8  or  if  you  are 
about  to  move  your  outfit  to  a  new  place. 

If  a  reply  to  the  second  letter  is  not  received,  the  same  form  is  sent 
again  after  an  interval  varying  with  the  individual  circumstances. 
By  repetition  the  letter  serves  to  impress  the  importance  of  the  work 
upon  persons  not  responding  to  the  first  invitation,  with  the  result 
that  cooperation  is  sometimes  finally  secured.  The  same  letter  is  also 
sent  from  time  to  time  to  persons  saving  samples,  in  order  to  keep  in 
touch  with  them,  to  make  sure  that  the  work  is  not  forgotten,  and 
that  the  necessary  supplies  are  ordered  as  required. 

With  the  original  letter  inviting  cooperation  and  with  the  second 
letter  there  are  inclosed  a  sample  of  the  bags  used  for  shipping  samples 
and  a  franked  card  on  which  the  recipient  can  designate  the  number 
of  notebooks  and  bags  required. 
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The  sample  ^mga  are  of  light  hut  strong  canvas  and  measure  Si  by  5 
inches.  On  them  are  printed  the  "'penalty  frank"  and  the  Survey 
address.  At  the  top  is  a  string  for  securely  tying  in  the  contents 
before  shipment. 

When  the  card  requesting  supplies  is  received  the  supplies  are 
immediately  shipped,  together  with  a  notice  of  shipment. 

TAKING  OP   NOTES   AND   SAMPLES. 

Form  of  iwtehook  used. — As  every  effort  has  been  made  to  assist  the 
driller  in  keeping  notes  and  saving  samples,  special  notebooks  as  well 
as  sample  bags  were  devised. 

On  the  front  cover  of  the  notebooks  now  in  use"  is  the  title,  and  on 
the  back  cover  are  printed  a  postal  frank  and  the  address  of  the  Sur- 
vey, so  that  the  book  may  be  returned  by  mail  without  wrapping. 
Experience  has  shown  that  the  books  become  much  less  soiled  than 
was  anticipated,  little  trouble  being  encountered  in  this  line. 

The  inside  of  the  front  cover  contains  the  following  simple  direc- 
tions, prepared  by  Mr.  Veatch: 

Suffffestions  to  dnUers. 

1.  Samples  should  >>e  taken  from  each  heci  passed  through,  and  never  more  than 
20  feet  apart,  even  in  the  same  l)ed. 

2.  Samples  from  wells  in  sands  and  clays  should  not  ]ye  washed,  as  washeii  samples 
of  sandy  clay  show  only  clean  sand  and  give  a  wrong  idea  of  the  character  of  the  hed. 

3.  All  oyster,  clam,  or  other  fossil  shells  should  Ik»  placed  in  the  l)ag8  with  the  dirt 
or  sand  in  which  they  are  found  and  marked  with  the  depth  from  which  obtained. 

4.  Samples  should  be  dry  before  being  mailed. 

5.  A  blank  label  will  be  found  in  each  bag.  After  it  is  filled  out  it  should  Xte  folded 
once  to  protect  the  writing. 

6.  Bags  should  be  tied  securely  and  mailed.    They  require  no  postage. 

7.  In  the  first  two  or  three  samples  sent  in,  the  "Location*'  should  be  filled  out 
with  care;  in  the  succeeding  samples  so  much  care  need  not  Ije  taken  with  location, 
but  the  rest  of  the  card  should  be  complete. 

8.  Note  depth  and  thickness  of  all  water-bearing  layers. 

9.  Note  under  ** Remarks"  the  quality  of  the  water  from  eai^h  layer,  as  hard,  soft, 
salty,  alkaline,  or  sulphur  bearing. 

10.  Note  height  to  which  water  from  each  layer  rises  in  well,  and  give  flow  in 
gallons  per  minute. 

11.  Make  frequent  use  of  the  '* Remarks"  column  to  explain  your  notes. 

12.  If  you  leave  the  rig,  send  in  your  notebook  with  the  name  of  your  successor 
and  a  new  book  will  be  sent  to  him. 

13.  If  you  do  not  understand  what  is  wanted,  or  desire  information  on  any  point, 
write  to  this  office,  using  one  of  the  envelopes  sent  with  the  first  shipment  of  bags. 
They  require  no  iK)8tage. 

14.  It  sometimes  happens  that  unauthorized  persons  represent  themselves  as  mem- 
l>ers  of  the  Survey.  If  you  desire  to  know  whether  a  man  is  connected  with  the 
Survey,  ask  for  his  identification  card,  which  is  signed  by  the  Secretary  of  the  Inte- 
rior and  the  Director  of  the  Geological  Survey. 


a  A  new  edition  to  be  used  after  January  1  varies  in  a  number  of  unessential  particulars  from  the 
form  here  described. 
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Names  of  owners  and  drillers  who  furnish  records  and  samples  will  appear  in  the 
annual  publication  of  the  Geological  Survey  on  well  borings. 

The  Survey  <le8ire8  to  assist  and  cooperate  with  owners  and  drillers  in  every  way 
poesible,  and  will  Im;  glad  to  answer  (juestions. 

To  assist  the  driller  in  identifying  the  rocks,  in  obtaining  a  correct 
understanding  of  simple  geologic  conditions,  and  in  keeping  more 
intelligent  records,  a  few  geologic  notes  and  definitions  of  the  more 
common  types  of  rocks,  based  largely  on  notes  by  Mr.  G.  H.  Eldridge, 
are  printed  on  the  inside  of  the  back  cover  and  on  the  page  facing  it, 
respectively.     These  are  given  below. 

Geologic  noUB. 

In  a  simple  classification  rocks  may  he  grouped  into  three  divisions:  (1)  Sedimen- 
tary, (2)  metamorphic,  and  (3)  igneous. 

Sedimeiitnrij  rocks. — Sedimentary  rocks  are  formed  of  fragments  worn  from  older 
rocks  by  the  action  of  rain,  wind,  front,  etc.  Such  materials  were  carried  by  water 
or  glairiers  until  deposited  as  beds  of  clay,  sand,  gravel,  marl,  etc.  Other  deposits 
consii^t  largely  of  corals,  or  of  shells,  such  as  oysters  and  clams.  When  first  deposited 
the  materials  are  loose  and  unconsolidated,  but  they  become  gradually  hardened  and 
cemente<l  together,  especially  when  covered  by  later  beds,  and  form  solid  rocks. 

Metamorphic  rocks. — Sedimentary  rot!ks  have  frequently  l^een  subjei-ted  to  heat  and 
pressure,  which  has  further  hardened  them,  or  even  pnxluced  a  (Tystalline  texture. 
Setlinients  and  igneous  rocks  so  altered  are  known  as  metamorphic  rocks.  Mica- 
schist  and  marble  are  typical  examples.  They  generally  retain  a  bedded  or  foliated 
structure. 

Igneous  rocks. — Igneous  roi'ks  have  come  from  the  earth's  interior  in  a  molten  state 
and  have  forced  their  wav  betwi»en  other  rocks  or  have  overflow*e<i  as  lava  beds  at 
the  surface.     They  an*  nearly  all  more  or  less  crystalline  in  texture. 

ResemhUince  of  rocks  of  different  ages. — Rocks  of  the  types  indicated  above  occur  the 
world  over,  those  of  one  locality  often  l)eing  indistinguishable  from  those  of  another. 
Notwithstanding  this,  there  may  }ye  a  difference  of  thousands  of  years  in  age  and  a 
great  variance  in  conditions  of  formation.  It  is  not  warrantable,  therefore,  to  say 
that  bei'ause  a  rock  in  California  has  the  same  composition  as  an  oil-bearing  rock  in 
Ohio  it  is  of  the  same  age  and  will  yield  |>etroleum. 

Fossils. — In  sedimentary  rocks  remains  of  animals  and  plants  are  often  found. 
These  generally  consist  of  portions  or  impressions  of  shells,  skeletons,  or  leaves,  and 
are  known  as  fossils.  A  l>ed  can  frequently  be  recognized  and  its  age  detennined  by 
fossils.     It  is  of  great  importance  that  all  fossils  be  saved. 

Definitum  oj u  formation. — A  rock  or  succession  of  rocks  possessing  uniformity  of 
character  throughout  a  considerable  area  is  termeil  a  formation,  and  is  given  a  name, 
such  as  Trenton  limestone,  etc.  The  importance  of  identifying  these  is  great,  and 
their  identification  will  \ye  much  fucilitated  by  the  preservation  of  samples. 

Structure.  —When  de|K>8ite<l,  sedimentary  l)edsare  nearly  horizontal.  Subsequently 
they  have  often  l^een  thrown  into  inclined  positions  or  l^nt  into  wave-like  fohls,  the 
arches  t)f  which  are  known  as  anticlines  and  the  troughs  as  synclines.  When  the  beds 
are  further  disturbeii  they  may  become  broken  and  the  different  i)arts  displace<i  or 
faulted  from  their  original  position.  The  slope  of  the  beds  is  know^n  as  the  di/>,  and 
the  direction  in  which  they  extend  or  would  outcrop  on  a  horizontal  surface  is  known 
as  the  strike.  The  directions  of  stnl^es  and  dips  are  of  importance  in  studying  the 
occurrence  of  water  and  oil,  and  should  l>e  recordeti  whenever  possible. 

Bull.  264—06 3 
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The  definitions  of  rocks  are  as  follows: 

In  order  to  assist  the  driller  in  keeping  records,  brief  definitions  of  the  more  com- 
mon rock  terms  are  given  below. 

UNCONSOLIDATED   DEPOSITS. 

Soil  and  stibsoU. — The  weathereil  upper  portions  of  any  rocks. 
Till. — An  irregular  mixture  of  clay,  sand,  and  bowlders  deposited  by  glaciers. 
Alluvium. — Sand,  clay,  etc.,  depositee!  by  streams. 

Gravel,  «aw^,  and  clay, — Made  up  respectively  of  pebbles,  sand  grains,  and  finer 
particles. 
Chalk. — A  soft,  white  earthy  substance  made  up  of  tine  particles  of  lime. 
Marl. — A  clayey  substance  containing  much  lime. 

SEDIMENTARY   KOCKS. 

Sedimentary  rocks  are  made  up  of  fragments  of  older  rocks.  The  fragments  or 
grains  are  usually  rounded,  a  feature  which  helps  to  distinguish  them  from  igneous 
rocks. 

Conglomerate. — Consolidated  gravel. 

Sandstone. — A  consolidated  sand.  It  is  said  to  be  massive  if  there  are  few  bedding 
planes,  and  shaly  if  it  splits  into  platen. 

Quartzite. — A  sandstone  in  which  the  spaces  between  the  grains  have  fille<l  with  a 
hard  cement  (silica),  forming  an  excessively  hard  rock. 

<iS/ia/^.— Consolidated  clay;  a  soft,  fine-graine<l  rock  which  tends  to  split  into  thin 
plates  (often  improperly  calle<l  soapstoiie). 

Slate. — Like  shale,  but  harder;  splits  into  thio  plates  whi(;h  may  or  may  not  coincide 
with  the  Ixidding.  The  tendency  to  split  is  not  often  recognized  in  drilling.  Example: 
Roofing  slate. 

Limestone.^-Foriued  from  consolidateil  marly  beds,  or  from  betls  of  coral,  shellfish, 
etc.  It  is  composed  mainly  of  carl)onate  of  lime,  but  often  contains  sand  and  other 
impurities,  an<i  is  often  very  hard.  It  can  be  most  readily  detected  by  the  bubbling 
which  takes  place  when  it  is  touched  with  muriatic  acid. 

Flint,  rock  »a//,  [Jtipsum,  vmd. — These  are  too  well  known  to  require  definition. 

Concretions. — Hardened  lump-like  masses  within  the  rock,  and  should  not  be  con- 
fouudetl  With  real  bowlders. 

METAMORPniC    AND   IGNEOUS  ROCKS. 

These  rocrks  are  generally  marie  up  of  angular  crystals,  often  recrognizable  by  their 
glistening  faces,  a  feature  which  is  not  often  possessed  by  the  fragments  of  sedimen- 
tary rocks. 

Marble  and  dohmite. — Marble  is  a  cystalline  limestone  and  gives  the  same  reaction 
with  acid  as  limestone,  marl,  and  chalk.  Ihtlttmite  resembles  limestone,  but  the  bub- 
bling with  acid  takes  place  only  when  the  acid  is  hot.  In  comi>osition  it  differs  from 
limestone  and  marble  in  that  it  contains  carbonate  of  magnesium. 

Soapstone  or  talc. — Fairly  soft  and  greasy  to  the  touch.  It  is  seldom  encountered 
in  drilling,  the  substance  called  soaymtone  usually  being  a  soft  shale,  although  the 
name  is  sometimes  incorrectly  applied  to  clay  or  slate. 

Schist. — A  crystalline  rock  characterized  by  thin  layers  of  mica  or  other  mineral. 

Gneiss. — A  HK'k  interme<liate  in  character  l)etween  schist  and  granite. 

Gra7iite. — A  crystalline  rock  composed  of  quartz,  feldspar,  and  other  minerals. 

2Vqp. — A  very  dark  crystalline  rock  of  igneous  origin. 
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The  first  page  of  the  notebook  is  used  for  a  geneml  record  of  the 
well.     It  is  as  follows: 

Well  record  on  first  page  of  driller^  $  notebook. 

Well  is  located miles  iu  a dire(!tion 

from post-office,  in  the 

J  of J  of  Sec Twp Range 

Owner 

Contractor 

Drillers 

Well  began ,  190.;  completed ,  190. 

Rig  uaeil — enable,  rotary,  jet,  or 

Diameter  of  well : inches  from ft.  to ft. ; 

inches  from ft  to ft. 

Length  of  casing .• 

Casing  jHjrforateii  or  strainer  inserted  at ft. 

Main  water  supply  from ft. 

Well  pumps gals,  jwr  minute  from  depth  of ft. 

Well  flows gals,  per  minute  from  depth  of ft. 

If  flowing,  what  is  the  pressure? 

Pool  or  district 

Fill  out   Well  No on farm. 

lor  oil  I  ^ij^QQnt  Qf  Qii  obtained 

and  gas 
wells.     Amount  of  gas  obtaine<l 

Name  of  sand 


Recorded  bv 

Address 

The  notebook  contains  7  double  pages  for  the  recording  of  data.  It 
is  an  adaptation  of  a  form  used  })v  Mr.  M.  R.  Campbell  for  oil  records, 
which  in  turn  followed  the  general  plan  of  the  notebooks  of  the  Second 
Geological  Survey  of  Pennsylvania  and  of  later  surveys  and  corpora- 
tions. On  each  double  piige  are  seven  columns,  headed  as  follows: 
^'Sample  No.,"  ''Rock  or  material,"  "Color,"  "Hard  or  soft," 
"From--"  "To—,"  "Remarks." 

Tdking  a/nd  forwarding  samples. — In  taking,  preparing,  and  ship- 
ping samples  the  suggestions  in  the  notebooks  are  generally  fol- 
lowed fairly  closely.  The  samples  are  commonly  taken  every  10 
feet,  or  at  every  change  of  material,  dried  on  a  board  or  otherwise, 
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and  then  placed  in  the  bags.  Witli  eiu>h  sample  is  included  a  2  by  3 
inch  label,  on  which  the  following  data  arc  given  by  the  driller: 
Sample  number,  location,  name  of  owner,  driller,  and  person  sending 
sample,  and  the  depth  at  which  the  sample  was  obtained. 

EXAMINATION    AND    FILING   OF   SAMPLES. 

Transfer  to  hottlaa, — When  received  at  the  office  the  samples  are 
transferred  to  glass  bottles.  The  bottles  now  in  general,  use  are 
approximately  2i  inches  long  and  three-fourths  inch  in  diameter. 

Glass  jars,  measuring  3  by  1 J  in<'hes,  with  a  tin  cover  screwing  on 
the  top,  were  originally  used,  but  they  were  found  to  be  larger  than 
necessary  in  most  cases,  although  they  are  convenient  where  frag- 
ments are  blown  out  in  shooting  or  where  fossils  or  pebbles  are 
brought  up. 

Achnowleihjment  of  mmplem, — When  the  bags  are  opened  the  lal)els 
are  examined  and  acknowledgment  is  made  to  the  persons  sending 
them. 

EXAMINATION   OF   SAMPLES    AND    FILING    OF    HEX'OKDH. 

Whenever  a  set  of  samples  from  a  particular  well  is  complete  it 
may  be  taken  from  the  temiH>i*ary  tiles  and  referred  to  a  geologist 
for  examination  and  identitication.  The  data  thus  obtaine<l,  together 
with  those  afforded  by  the  drillers'  notel)ook,  are  then  compiled  on 
cards.  At  the  top  of  these  cards  are  spaces  for  the  names  of  State, 
county,  and  town  in  which  the  sample  was  obtained,  for  the  names 
of  the  owner  and  driller  of  the  well  and  of  the  person  sending"  the 
samples,  and  for  the  dates  of  opening  and  closing  the  account.  Below 
tliis  space  for  general  information  are  seven  colurims,  which  contain 
the  following  headings:  '"'Date,'"  ''No.,''  '''Character  of  strata," 
''From — ,"  '"To  .•'  '"Drawer  No.,"  ''Date.''  If  the  record  is  long, 
supplementary  cards  are  used.  These  are  ruled  as  described  above, 
but  at  the  top  there  are  spaces  for  only  the  names  of  the  State,  county, 
and  town. 

Data  of  economic  value  are  recorded  on  a  separate  card.  The  vari- 
ous cards,  together  with  clippings,  notebooks,  (»tc.,  relating  to  the 
same  well  are  then  fastened  together  \^y  a  clip  and  tiled  by  locality. 


RTOUAGK   OF  SAMPLES. 


Itnpnrtance  of  j^userratlon  of  sampleti, — Mr.  A.  C.  Veatch  urged 
tiie  genend  preservation  of  samples,  as  descriptions  even  by  the  l>est 
geologists  are  seldom  as  satisfactory  as  the  samples  themselves.  Be- 
cause of  advances  in  geologic  science  and  of  later  and  more  precise 
data  for  discriminating  the  characters  of  underground  beds,  peculiar- 
ities which  had  been  entirely  overlooked  or  misinterpreted  often  be- 
come clear  as  a  residt  of  a  later  examination.     Many  facts  of  v^alue, 
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both  to  si'ience  and  to  the  prac»tieal  driller,  would  undoubtedly  be  lost 
if  the  samples  were  discarded  as  soon  as  examined.  Of  course,  cer- 
tain simple  types  of  sandstones,  shales,  and  limestonas  can  be  described 
with  a  considenil)le  degree  of  a(;cumc3%  and  such  samples,  together 
with  duplicates  from  the  same  bed,  can  be  discarded,  but  the  present 
policy  is  to  preserve  ever\  thing  that  can  possibly  be  of  value. 

lAthdlng  of  m}nj>h'  hottlvH, — When  the  samples  are  transferred  to 
the  bottles  a  label  is  mmle  out  from  the  field  label  which  accompanies 
the  sample.  It  is  printed  on  gummed  paper,  so  that  it  may  be  easily 
attached  to  the  l)ottle,  and  on  it  are  written  the  well  and  sample 
numl)er,  depth,  date,  location,  and  name  of  owner. 

Teinpm*ary jiUx, — The  sjimples  frequently  come  in  one  or  two  at  a 
time,  and  it  is  generally  desirable  to  postpone  final  examination  until 
all  those  from  the  s.ime  well  have  been  received.  As  received  they 
are  put  into  bottles,  labeled,  given  well  and  sample  numbers,  and  put 
into  a  cjise  for  temiK)rarv  filing.  The  object  of  the  temporary  files  is 
to  afford  storage  for  samples  from  miscellaneous  wells  until  the  sets 
from  the  individual  wells  are  complete.  The  cas(\s  are  built  in  units 
with  smooth  ends  40  inches  long,  32i  inches  high,  24  inches  deep,  and 
are  provided  with  glass  doors  to  shut  out  tiie  dust.  Each  contains  14 
drawers  in  2  rows  of  7  each.  Kach  drawer  is  15^  h}'  20^  inches, 
inside  measurement,  and  is  2^  inches  deep.  The  guides  are  so  placed 
that  a  space  of  three-fourths  of  an  inch  is  left  between  each  drawer 
to  allow  for  the  projecting  bottles.  The  drawers  are  further  subdi- 
vided by  pasteboard  partitions,  similar  to  those  used  in  packing  eggs, 
into  lOS  compartments,  each  one  of  which  will  hold  four  of  the 
smaller  bottles  or  one  of  the  large  jars.  The  maximum  capacity  is 
432  bottles  to  a  drawer,  or  about  5,W0  to  a  case.  As  but  few  of  the 
larger  jars  are  used,  the  actual  capacity  is  very  near  the  maximum. 

Permanent  sUyume  of  sainphs. — Aft(M'  examination,  or  when  a  set  is 
complete,  if  desired  the  samples  are  fil(»d  in  permanent  storage  cases 
of  the  same  type  as  the  temporary  files.  The  compactness  of  the  stor- 
age system  will  be  appreciated  when  it  is  pointed  out  that  over  200,000 
samples  can  be  stored  in  a  lo  by  15  foot  room.  The  samples  are  filed 
by  wells,  which  are  numbered  consecutivelv  as  tlie  reports  are  received, 
the  numbers  being  entered  on  the  record  cards,  which  are  filed  alpha- 
I)etically  under  States  and  counties. 

RErORDH   COIJ.KtTEn    INDEPENDENTLY    OF   SAMPLES. 

The  most  thoughtful  drillers  generally  keep  records  of  all  wells 
drilled  in  new  fields,  but  do  not  attempt  to  save  samples,  because  of 
the  labor  involved  in  their  handling  and  storage  under  ordinar}'  condi- 
tions. Many  of  these  records,  which  are  often  of  much  value  in  deter- 
mining the  geologic  features  of  the  region,  have  been,  through  the 
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courtesy  of  drillers  and  well  owners,  presented  to  the  Survey.  To 
facilitate  the  copying  and  filing  of  these  records  the  following  blank  is 
used.     The  size  of  the  original  is  8  In^  lOi  inches. 

Fonn  used  for  obtaining  well  rectyrds, 

WELL  RECORD. 

Well  is  Ktoated miles  in  a direction  from poBt-office 

in  the i  of i  of  sec twp ,  range ,  in  the  State  of 

Owner Contractor Driller 

Well  Itegun 190..;  wmipleted 190.. 

Rigii»ed:  Cable,  rotary,  jet,  or T<»!al  depth 

JiSngth  of  casing: ft    Diameter: in.  from ft.  to ft.; in.  from ft.  to ft. 

rCompleted  well  develop.s  the  following  water-bearing  Htrata:  From ft.  to ft., 

\?^  \    from ft.  to ft.,  from ft.  to Main  supply  from ft- 

wellH.  (coniplettHl  well  pumps gaK  permin.    Flows gals,  per  min.    I*re«8ure 

Oil  and  f Pool  or  district Well  No on farm 

gas.    jWelt  yields  Yield  first  24  hours Initial  pressii re 

[Oil  or  gas.] 
Records  sent  by Address 


UMJ  OF  WELL. 


From— 


To- 


Character  of  material. 

(State  whether  hard  or  soft,  and 

give  color.) 


Remarks. 
(Note  CHpecinlly  depths  and  thick- 
ness of  all  water-bearing  strata, 
height  to  which  water  from  each 
layer  rises,  ({ualitv  of  the  water 
from  each,  and  yield  In  gallons 
per  minute.) 


CONFIDKNTIAI.   KECORDS. 


In  many  instances  borings  are  put  down  at  groat  expense  for  the 
simple  purpose  of  t^Nsting  for  oil,  gas,  water,  or  mineniU  or  of  deter- 
mining the  depth,  chanicter,  and  structure  of  coal,  iron,  or  other 
mineral  deposits.  It  can  not  be  expected  in  such  citses  that  the  data 
obtained  will  be  thrown  open  to  others  who  have  gone  to  no  expense 
in  the  matter,  but  who  would  be  onl}^  too  glad  to  make  use  of  the 
information  for  their  own  interest.  It  is  almost  universally  recog- 
nized, however,  that  such  information  may  be  safely  given  to  the 
United  Stat4\s  (icologic4il  Survey,  whose  members  are  rigidly  prohib- 
ited by  law  from  having  any  personal  or  private  interest  in  the  lands 
or  mineral  wealth  of  the  region  under  survey.  Such  informaton  will, 
if  desired,  be  regarded  as  strictly  confidential,  and  a  signed  agreement 
b}'  the  Director  to  that  effect  will  be  given  if  re(|uested.  When  con- 
fidential samples,  records,  or  other  information  are  received  they  are 
stamped  ''Confidential"  and  the  material  is  securel^^  cared  for. 


COOPERATION    WITH    STATE   GEOUKilHTS. 


In  a  number  of  States  arrangements  for  cooperation  have  been  made 
with  State  or  local  geologists.  Two  sorts  of  arrangements  have  been 
made.     In  Alabama,  Iowa,  Michigan,  Minnesota,  and  West  Virginia 
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the  local  geologists  have  furnished  clippings,  names  of  drillers,  notices 
of  wells,  and  other  information  or  assistance.  In  Kentucky  and 
Maryland,  on  the  other  hand,  the  Stale  geologists  act  as  the  Survey's 
representatives,  collecting  the  samples  and  records  at  the  local  offices 
and  forwarding  them  to  the  Washington  office. 

PUBLICATIONS. 

It  is  intended  to  issue  annually  a  report  giving  the  result  of  the 
year's  work.  The  present  paper  is  the  first  of  the  series  and  repre- 
sents the  material  received  during  the  first  six  months  of  the  operation 
of  the  work.  Being  the  first  report,  it  will  differ  somewhat  from  those 
which  are  expected  to  follow,  in  that  an  account  of  the  organization 
and  methods  are  incorporated  in  addition  to  the  well  data.  The  gen- 
eral plan  is  to  present  eac»h  year  a  list  of  persons  cooperating  in  fur- 
nishing samples  or  records,  a  summary  of  the  wells  reported  and  the 
results,  and  detailed  records  of  wells.  It  is  believed  that  the  success 
of  the  work  depends  largely  on  making  the  material  immediately 
available  to  drillers,  well  owners,  and  geologists  rather  than  holding 
it  for  complete  reports,  which  can  generally  be  prepared  only  after 
many  years  of  work,  during  which  the  information  would  be  relatively 
inaccessible  to  those  outside  the  Survey.  Detailed  reports,  however, 
afford  comprehensive  views  of  the  fields  treated,  which  are  not  afforded 
by  isolated  records,  and  are  to  be  prepared  as  opportunity  offers. 


WELL  RECORDS. 


By  E.  F.  Lines. 


The  records  which  follow  were  reported  in  1904.  A  summary  of 
all  the  records  received  is  given  in  the  tables,  and  detailed  reports 
of  the  more  important  wells  are  given  on  page  78. 

The  sources  of  information  are  the  records  in  drillers'  notebooks 
and  on  record  forms,  letters,  drafts  of  well  sections,  and  samples  of 
borings. 

SUMMARY  OF  WELLi  DRIIiliING  REPORTED  IN  1904. 

Abbreviations  used  in  table. 
O,  owner. 

C,  contractor. 

D,  driller. 

M,  miscellaneous  sources  o£  authority  other  than  owner  or  driller. 

L,  Survey  possejwes  a  log. 

S,  Survey  poseessen  wamples. 

—  under  "  Height  of  water,"  distance  of  surface  of  water  below  the  mouth  of  the  well. 

-h  in  same  column,  distance  water  will  rise  in  an  open  pipe  above  the  mouth  of  the  well. 

Under  "Diameter"  a  series  of  figures  indicates  different  diameters. 
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fliiiiim/irii  ii/in-U  drittint/ 


ALABAMA. 


Nn. 

County. 

Lnration. 

T. 

R. 

p. 

o™.. 

I'j>a(riul(ir. 

0.vln.,-ioi. 

MartixMi 

„ 

New    Vf.rk    UII.I 
Aleunili-r  niy  .. 

AlcianUcr  Ctty.  wull 

J..hl>I.HBWk.. 

* 

a 

^ 

- 

AIIKAXSAS. 


f 

4  H  '  H  W 

n 

HrLEIlaJohiiH)!! 

<-ii          B            1 

il.> 

... 

i            ' 

"■««"- 

' 

do 

1  )j,u„       „ 

■:::::ai.:: i 

-j ''-'■" 

r-"'*^"-" 1 

c:ai.ifoknia. 


,  „,„.....,. 

1^ 

■a 

a 

i;,  H.  (■™«f..r.l... 

T,  A  PunM.-!l.  . 

..iHDi.w..,r.... 

- 

. 

.. 

„.„„,.„.... 

F.r.Pureell.... 

"""'■ 

my 

K  I'.  P>ir«ll  ... 

hI  reoonl  bI  eud  of  im 


SUMMARY    OF   DRILLINO. 


ALABAMA. 


Drttlei. 

1 

0. 

i 

f 

minute. 

Kind  ol 

H.™,.. 

1 

1 

¥ 

No. 

n. 

iH. 

rs? 



Oo/i. 

!-. 

I«M 

W.tor. 

Water. 
..do.... 

-■S."litr" 

•.7.C.i-t.   ,L.8.) 
"St'twl"'!'.""' 

Johnl.  U»k.. 
oIt?H'enin. 

It. 

g;r. 

*-3 

10 

an      -2« 

6-. 

ABKANAA8. 


UiiijierBrg* 

i. 

1I-1 

» 

« 

1904 

IM 
39M 

19H 

itbi 

Water . 
..Uo,... 
..rtc... 

"fcr""""' 

do 

'lo 

C. 

m 

170 

^ 

lOO 

« 

J.  B.  Dillon 

..do.... 
..do.... 

«™,.;..';;.v 

CAUFORNIA. 


K.  ll.PnBell.... 

X. 

MS 

H 

400 

ll» 

lt.7 

i 
1 ., 

tflH 

ISM 
1SC4 



..■1 

.do.... 
-.do.... 

Wiler  at  W.  1U9. 
131.107.176.  2L>9. 
212.aiid%TferU 

(L-S.) 

Iwccn  VU  reel 

■.'3,.'-;a;i:! 

ami  other  niln- 

IwtltHI  I7U»I1<1 

H0r«.l.    (1.) 
Eh-v-liiin   or 

Xa  t.el.    A.  T. 
(L.) 
Aliaiidoned. 

(L.S.) 

l,0T7 

„ 

A.L.  Ume 

1. 

,. 

Tent    well.     Pro- 
•lui'ea  «ja  Kal- 

- 

.,. 

i«i 

iwa 
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flumm<ir>i  of  veil  drilling 
rOLOItADO. 


No. 

Denver 

1 
t 

R. 

WW. 

M 

Ownut. 

Contnctor. 

»r,  Alljerl  A. 

Clough. 
MlMiiiri    I^icilUr 

K*y.  Co. 

ao 

1 

Lfl{tmU  Oil  H»d 

1 

<ONNK(-ri<f'l 


N        lo                                ' 

Mn.AiuunFhe1i» 

AltwrlLyiK-Ii.. 

1 

W™  Bum  Land 

HutloM... 

do 

do 

William'*  MIUi.             do 

|llii»lnv     Wollw.. 

}       .do 

'''Bhilan!'  ^'■"' 

N..*  H.v^i 

J.tt.»rllm.y..., 

■'" 

■■' 1.^111 1>  A. 


.,'.'" 

l\.n<^  de 

LINER.] 
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COLORADO. 


Driller. 


• 

X 

t. 

•c 

0) 

o 

JS 

D 

Xi 

*^ 

a 

*^ 

o. 

ee 

s 

9f 

< 

Ci 

o 

Dvpth 

WHter 

or  oil 

supply. 


•     of 
I  water. 


T. Carlton  K«>o-     M.  '    260 


ffle 


M. 


M. 

M. 


M 


49 


1,703 


In. 
4 

6) 


loi 


230 


S8 
45 

30 


Yield  per 
minute. 


Kind  of 
well. 


Remarks. 


!  No. 


ftO 


Water  .    Yields  soft  water  . 

I 

.do Abandoned    on 

account  of  de- 
crease in  yield. 
(L.) 

1902    ..do....    (L.) 

Oil (L.  S.) 


CONNKCTICUT. 


.Vlliert  Lynch 


do 


<MK>rKe    North- 
rop. 

!)elbi»rt  Howe. 


.do 
.do 

.do 

do 


.do 


C. 


494   6-4i 


c. 

142 

('. 

»i9 

c. 

40 

(!. 

TiO 

r. 

37 

c. 

IIH 

c. 

lfi7 

c. 

e-s 

6 
6 
6 

6 
6 

6 

6 


200 

120 
IK) 

."iO 


-  12 


-   16 


1903 


20     1904 


12 


Water 


..do 


1904    ..do 


108 


40 


2:» 
50 

10 

2 

10 


1904 

1904 
1904 

1904 

1904 

1904 


..do 

..do 
..do 

.-do 

..do 

..do 


Water- bearing 
beds  at  300  and 
350  feet.  Water 
hard. 

Yields  hard  water. 


Pumpe  from  20  to 
80  gallons  per 
minute.    (L.) 


(L.) 

Water  at  76  and 
Iftfifeet.   (L.S.) 

Water  at  40,   W. 
andeofeet.  (L.) 


FLOniDA. 


19 
20 


21 
22 


23 

24 
'25 
26 

27 
28 

29 

ao 

31 


1 

W.F.Hamilton. 

M 

2«y> 

7-25 
1,27H 

i 

1904 

Oil  .... 

Water  . 
.  .do .... 

Drilling  s  u  s- 
pended.  (L.S.) 

"Flagler   Well." 
F 1  o  w  a  t  4  6  8. 
1.110.  and  1,200 
feet,    latter 
"milky  with 
lime."    Flow 
also  atl,225  feet. 
(L.) 

32 

do 

M 

1 

1904 

33 

1 

M 

34 

1 
] 
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Stimmarii  o/«ieli  diiUiiu/ 


No. 

CouDly. 

Location. 

t. 

B. 

S. 

Owner. 

CODtimclor.. 

.„„»,.„... 

W.  H.  Brown . .. 

Wiilker_ 

Siiii    l-iilro.    Liw     i. . 
SHllLHkuRwy. 


L-  Wilson  Well 

.. 

n"i"»!« 

! 

NHjHTvllle  wnltr 

L.  wn«m  Wfll 
Co. 

.„ 

K,.™.,- 

^ 

K*w«n«>    IHrilcr 

J.  P.  Miller  Arte. 

40    do 

Rllwcll.Sm,  HW-o(... 

«:      U 

1» 

WllmtiKlntr 

Son». 
W.  M.  BoIlM  ... 

W           do 

46         11 

22 

EslBlp  of  Georec 

do 

^1          do 

4S         11 

, 

■  urulGuIwWorki- 

1..  Wilson  Well 
Co. 

<'8ee  dolaflod  record  nt  end  ol  ta 
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OBOROIA. 


DrlJlec. 

! 

1 

& 

1-3 
6 

fltaler 

S'uE' 

Year 
ISDl 

law 

IHH 

Kind  oC 

well. 

Hart;  «miie  «i1- 
phur.   Tfltoper- 

Hatd;    ir.in    and 
sulphur.  Waler- 
bvarHiMtKiKal 

feet.   Timpora- 

ll>k  b^'ot  350 
loMOfuel.  Tein- 

'Z  , 

1 

Nn. 

. 

u. 
u. 

TUD 

MD 
3M 

TOO 

sot 

aiifi 

Hi 

- » 

aati. 
■a 

1- 

tiitj*. 
ISO 

W.l«. 
..do.... 

..do.... 

CL-BeirlD^lon 

■SI 

llOandZWfcpl.  , 
"iflo'leet.  ' 

rowcnilhe«lh«r 

lUAHU. 

C. 

El> 

1 

Walor.lioarlnK  1     « 
bed-  began   al 
Wit  feel. 


K 

o. 
o. 

l» 

c. 
c. 

s 

H 

aoS 

Ml) 

1 

-M 

IM 

™ 

1904 

1902 

..do..,. 

Wnur. 

..do.... 

-.do.... 

-.rto,... 
-.do.... 

IFrmh  wBlur  from 

I    fiel.'  'l.)   ' 

OllalSUteel 

IWalcr-bearioK 

beds  at  TV!  and 

1    l.JiSlwl.    (U) 

HiOiwl, 

iiIb.)"^ 

(H,    W.    Ham- 
breetil:  H. 
I    Utnnholl. 

J.N,S«heU 

-n 

IH.    W.    Ham- 
brechl:   H. 
1    Hembon. 

IL.Nli:hnU.:Wiii. 
1   Tnnltase. 

W.  U.  Bollei.... 

do 

12- 
10- 

It-SI 

I'J- 

HI 

Ml 

HO 

ao 
as 

m 

2U 
■JOS 

-■" 

':: 

-M 

90 

Waler-bearinK 

bedsHiaW,  7Ui1. 
DM,  I.OW,  and 

^ 
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Snmmnry  of  well  JriUing 
1 L  LI  NO  IS— am  tl  n  lied. 


Nil. 

Locution. 

T. 

H. 

fi. 

Owner. 

OonlmcIOT. 

Liimlle 

McHunry 

6l70«lor  n», 

VlllnKi,  of  Hebron 

Co. 

Soni. 

40 

. 

; 

m 

^ 

F.  Sli-Conncll 

RT 

Buig.inoii 

SlwlnRlldd.  <  1  in.  K  .nt. 

1»S.  ,fiW. 

fn 

Creli; 

■ 

Curt  K.  1.  Rwj-, 

Ucbilb 

ffis'.Vc:.'' 

Harmon  WitLir 

lAltmn)-.-  Wtiflchnlt 

(    (.no,  H-cllNn.  1. 
Mnncfe,  4  ni.  B.  or 

re-s-""" 

r-i 

'.i " 

■" 

Jay 

1    kSyOlUiMCo," 

^.O-Mi-CormlL.' 

S  TKIIRITORV. 


fl 

Owi«eNftllDii. 

Bitrll«Hll« 

rr 

.   Hiirllnston.. 
.|  UnvonpoK .. 


""Ji'T"'" 

L.  _Wlli«n  Well 

lownSoopCo.... 
Kalline  Co. 

i 

'Co.  *"" 

ft>Siiney.\u\.«l,?.Wl, 


flUHHARY   OF   DRILLING. 


reporitd  in  1904 — Continued. 


I  LLINOIS-Conllnued. 


Duplh 

SuE' 

¥ 

vfeli" 

Remarks 

Aiithorit) 
Depth. 

•S    "cfpai- 

bdjL.. 

1 

1 

No. 

Ft. 
K 

9-7 

/>. 

Oa/.. 

1! 

ims 

Water . 

Coal  nt  2a  leel: 
lilKllle,    (1..1 

1 


ii8 
S3 

-« 

(L.  r.  and  W.  e. 
\    Trow. 

D, 
U. 

U. 

M. 

19W 
19H 

..An.... 
..do.-.. 
..d,>.... 

Esfr 

-11 

1 

Too  leel  iv^l.  1 
(L.8.) 
..do....    IL.S.) N 



-» 

(eeU 

INDIANA. 


|a.  II.  Humon. 
/Wm.    walten: 


r.  I  a«  I  10  H  "■  I 
IB.  i.an  ,Mi' 


a.  i.»ii(|'i'| 


-f~A' 


INDIAN  TERIIITORY. 


I  mo' 

1      1 

Oil    iiaw  r    I      ra 

1    1    1 

w"'"'             1 

1 

1             j 

SS 

Bemhirft. 
W.N.Tralchlet. 


{B-  W.  Hum-  I 
I    bmhi.  Ip. 

IB.HeDihofr 


Wilier- be  arlDf 
IwdH  >[  36?,  71f. 


er  bHBK    ( 
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Svtnmary  of  well  drilling 


No. 

ConntT. 

Looallon. 

T. 

R. 

B. 

„..„. 

Conttartor. 

,l 

Barton 

UlMnurt  PaclHc 

Rwy.Co. 

. 

do 

Oreeley 

do 

do 

MonlgomtTy  . 

fiiTm.  wellNo.!^  "" 

SS 

9 

13 
11 

Hiinourt  Pac§nc 
Kvr.Co. 

C.F.NobIa  ..... 

-. 

E..r,.k» 

rtO 

™H1N."'3.      "'"' 

as 

IS 

Rati  &  Uammon . . 

Kenncdr^t^ii. 

S-1 

Iriiltpenrti'iicf.      (Ln- 
Bnn  Sn.l). 

311 
V 

■Si 
■X 

1& 
WE, 

6 

Vokei  Brown-.. 

1-1.1101.  &  Wol-  1 

lonl.                  ! 

M 

bins. 

I!«veii,r,in.S.of 

J.  F.  fiiHlnK 

Kwy.tM. 

1 

»• 

Sedgwick 

AnrtBle 

« 

8W. 

• 

M  Llll 

E.A.l{"l«rr«iii.. 

11 

T-r^nln 

KENTUCKY. 


f 

Wa 

.!  Warmn      Petro- 


agee  detailed  record  at  eud  ol  table. 


intn.]  SUMMARY  OV  DKILLINO. 

rrporlrd  in  1904 — Continued. 


Dnn«r. 

jj 

1 

s 

Depth 

V£ 

or".." 

ro!l'nu!^'^ 

...... 

»., 

1 

1 
Sail. 

SS: 

-«"■ 

U. 
M. 

200 

z,au 

M7» 
l.iV. 

/B. 

n. 

If 

[  ,„ 

1900 

W.lur  . 

tent.    Drilllug 

feet    rHfiand 
.    1JW-U74.     (L.) 
■WbUt  Hi  MS  Hnd 

i-sarifi.  Wen  1 

,    nl-iidontrt.  (L.) 
BrlnvatlWIeel. 

IWI 

{     McCmng-       } 

I 

i 

1 

-830 

» 



-K 

79 

1                 I    auvuicvl.  (L.) 

1     U.Htinl.         1 
KojBalr 

V  [  04. 

1 
IWH    ..do.... 

Vleld  II.UOO.OOD 
lioun.    (L-l 
IhkIk  Hi  -Ub.  HO, 

liouS.."".'   ""' 

^. 

o.  i.ifioJ!;!- 

1 

M. 
M. 

U. 

M. 

7!W       .'i 

« 

» 

1'JM 
IWI 

..do.... 

■1SH»[WC.     oil  1 
at  720,  7M,  72fl        " 
tot.    |L.B.)       1 

*™,.».^ 

» 

„ 

(L.)                      1 

1 

wmiT . 

..do.... 

.do.... 
.do.... 

wntef  KU  tn  A^ 
iBel.    (LB.) 

§7 

-"' 

K.A.KnIvnnn.. 

[ 

1 

1 

IL,) 

1 

KENTUCKY. 

1                      Im 

1,300 

600 

..I 

'           1 

Oil  ....    <S.) K 

1                      |„ 

1 

III 

52  RKCOKD   OF   DEEP   WELL    DRILLINn    FOR   190*.         (bull.  »l. 

Sitmmanj  o/  uWJ  drilling 


LOUtSIAN 

\. 

No. 

C0UD17. 

LoeaUon. 

T. 

. 

- 

Owner. 

Contraclor. 

C&loiiileu 

.. 

n.C.Bmwti 

l*uUi.n(iOllC«.. 

State  of  Loalslftiii* 
A.B.WllLin«on... 

V.WalDiiglit... 
OK»r  Shanks... 

" 

«UL.y<lsu,.Sm.R 

V.al 

" 

'1   » 

V,  WalnriKht... 

ChaH.Riir 


M  AS$.V< '  1 1  irSETTS. 


Hampilen i  EbM  ljanKP<ca<lnH 

ilo !  SprlrittHi'l'l 

cln SririiiKllcM.  4  IN.  N 


XMniiaWt'l'li... 

W,  HnUcr 

K.  r)iirr.-«ii;... 


..,k.»....t:.:: 


Beiiloii  llur1»>r 

Hlltainlc 

PtHtlvlUo 

IK-nryFimicy.... 

F.  Howari 

Ill 

^^° 

EHStTHWns 

<imiiilKj;|.iil-(iinfii- 

NewlM^rrr 

Mk-liieHTil'iiH.'rii. 
Ita!  Co. 

0.  L.  Tayl,.r  A 
Ja3,Kinney.ir., 

,1. 

Luce  

1 

IL-i 

OBklanil 

n..lly    

CHy  i.f  H..11J 

7     Ix'oM.ijfismsr... 

'1 

„7 

UsgnM 

... 

,nv. 

LtnrlMMaule,-,, 

111""-!  SDICMARY    OF   DRILLING. 

rrporled  in  J!>04 — Continueil. 

IXXJISIANA. 


DrUler. 

C. 

c. 

0. 

1 

1 

Depth 

•XI" 

5i. 

i    m^niiw.'^ 

well" 

Kem«rk. 

& 

1 

¥ 

No. 

V.  Walnrlsbt ... 
OwarShwifcii... 

V.W»liirHht... 

10 

Fl. 

i.ues 

fi^,. 

1,«W 
2H) 

19H 
1»1 

IHM 
1U4 

w-u... 

(L.S.) 

Well  j'lelrt-  very 

lUS.) 

: 

u 

IW 

■""fli 

WHU^t. 

(John  White;! 
I  WalteiPallell-r 

J.J.HrDoiuld. 


I     Tcmjienlui 
U.V., 

,    (L.8.) 


H  ASS  ACnUliETTS . 


MICHIUAN. 


Cart  Wright  A 

8henT. 

F.  Howmid 

It. 
0. 

tt 

M. 

I). 
C. 

IB 

6 

>» 

—11 

ism 

ISM 

igou 
iw 

IMH 

Water . 
.do.... 

Ill  Kiroi.K  ID  111 - 
™l  woler.    11.. 

lion  and  lUlpbiir. 
(L.B., 

m 

FredShmr.... 

^JM 

lOO 



<I"8.1 

Ilep'lha'idjSd- 
H-Bter  at  82  leeL 

ao 

111 

■ 

e? 

11- 

J.  A,  Col  well... 

LeirtiiMiula... 

cl,.         1  >.-,.>.■»„.,     (1.  «1 

i 

.:.:..;.  '^^ 

-do.... 

54  BECOBD    OF    DEEP    WELL    DBILLING    FOB    1904.         [bull.  aM. 

fitimmnTi/  of  wU  driUing 


MINNESOTA, 


No. 

tViunly. 

LoMUon. 

T. 

m 

R. 
^1 

S. 

s 

— 

.»..„„.. 

John  Tennta 

CflyorAtwalcr... 

Northern  FucIHr 

J.E,Sti«r|i 

J.  F-McCanlijr. 

IW 

Bloomlt.    mlrle 

n- 

Uam-ock 

Ihi    Bt  Loiii 

Chui.L.HopkiaK. 

[Ktgei. 

Jolm  A. sutler.. 

111 

H»nim.r. 

Japk-m 

I'SSH  iriiriMliin,  »  III. 
E.  of. 

do 

iKlHUl]  K.K.Cu. 
1..  N.  I>i.nl(ler 

~ 

KHtidulF-ti 

SI.  LmiisWly.. 

" 

A.I>.l'llilJI|>s... 

ll.W.sielnriuk. 

-m 

St.LoulH 

ACS. 

: 

j 

«R c.li.lisnicll 

:  Well,.  Boiiin-T 

BiikingO... 

■ 
1 

MONTANA. 


SUHHASr   OF   DBILLIHO. 


ir/Kifterf  in  190^— Continued. 


MINNESOTA. 


DrUlet. 

1 

1 

Depth 
nipply. 

Hd«h 

SilE' 

i 

'^J.-ctl"' 

Remallu. 

1 

1 

No. 

J-lLShmip 

t>. 

n. 

D. 

PL 

loo 

IH. 

!«l 

eob. 

Oolt. 

iwt 

1904 

..do.... 

..do.... 
..do.... 

feel.    '(L.a.).... 

lOD 

100 

E.    ChrHWffer- 

+    2 

-» 

Water  wFI 

1-Fl 

MIS»I8!«IP1*I. 


John  L.  Fold  . 


Dowed   ft'j   khJ. 


U>T4T[e«l.  (I..S..I 
.   Wsler  lieRsn  to 


IjEil,  Meloj.... 
|lA.W,01ck[an 


AM   B-1    .... 


loliSU  [pet.    Dry 


MONTANA, 


i !».,.«.    ...I i |,m 

j |«.  1,020  .,..j [ bao  I 
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SumnuiT'j  of  ivell  dritting 

mEBRASKA. 


No. 

Counljr. 

Loftillon. 

T, 

R. 

e. 

Owner. 

Contraclur. 

Buffalo 

B-TlLcer 

Kwy.Co. 

Saundets 

Wibsl^r 

■* 

NEW 

nAMi>sniRB 

11lf 

Belltii«p 

do 

New  HBmpt..n 

H«imiuM.W.lkor. 
Chai.0.  DsvIh.... 
Bhcpirdil  Gould. 

Q.  W.  PutWiwn. 
*.Dd8iii^rCo- 

m 

N       L.    d    , 

1-W 

Potior   !.«.. 

NKW  JKR-iKY. 


'■Til 

Allatillo 

l'k>»«..Ivi1U.                 1 

Tho«.BHa      r 

:\ 

Clly- 

■„ 

CHpeMay 

»■"■"'""■ 

1 

Woodblne    Lknd 
Jiio.N«hlACo... 

Wm.  Dunhrnn.... 
Mw.Ja3.A.Nore. 

"sr'""" 

Middleiei 

Inn. 

do 

Bsrber     Aq>lull 
Hiid  f  HVlng  Co. 
ChBM.  BloomfleW. 
W.J. Daniels 

SUndnn)   m.l.T- 
giouQdCHbk'Co. 

,lo 

150 

PprlhAnibo)-,3in.S.or 

.-. 1 

153 

....do 

S...,1.0«l...... 

K.^N^«j»,ll.V«l. 

SDHMABY   OF   DBILLINQ. 


TtpiMeA  in  1904 — Continued. 


NEBRAaKA. 


1 

lirlUer. 

1 

^ 

J3 

i 

1 
1 

Deplli 

1 

1 

Year 

■'^i^r 

Remarkt 

No. 

it. 

1). 

W. 

M. 

Ft 

n 
111 

-IM 

7«. 
8 

n. 
151 

»ato. 

ftri.. 

W.ler. 
..do.-.- 

OncorBBeriMor 

Two  wells  puiu|) 
loKetber  lo.«» 

W»lerh&rd. 
IronoreatarSleel. 
on  m  379  leet. 
(L.J 

L.C  Dnritt 

-,! 

1 

,., 

Til 

1 

1 

TXKVf  nAMPSniRB. 


NKW  JEIWEV. 


190  Iwl.  (L.8.) 


.  WBter  Bt  780  and 
l.OOOfeel.  r  - 
Tempcml 


5jl9M   . 


.|  TwowellH.    (L.). 


WellNo.S.  Wiler 

Mntum   Bl    " 
Itel.    (L.) 
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Summary  of  irfU  drilling 


NEW  JEBSEV-Conliatied. 


No. 

Counlj-. 

LacatioD. 

'■ 

a. 

a. 

<,„„. 

<>..,»:„,. 

BoniliBli  of  Allan- 

UcHlgliliindR 
Henry  Ueyan 

xr"""- 

BenraniE.Ba]].. 

W«rwn 

SelU  Brewing  Co. 

BioMhott  Brw .. 

NEW  MEXICO. 


]S3     SsDMlquel....   Cbapelle 


k.T.andS.F.R.R.    C.H.HcVar.. 


NEW  TORK. 


.„ 

Allegany 

MadlHun 

Ceres  McDonald  lami, 

J-T  Bamw 

■«•""    "'" 

B1hU>    IniluKrlal 

E.I'  ainiU 

Alw.T.dtbwt.. 

irr 

m 

N    .hit    1 

RA.jBnklnn... 

,r, 

Krw     rt 

A» 

'-"""""' 

K.C.  Hendenon.. 

K,  K.  Hnicliln- 

>«rMm 

W  R.  Pele™           1                               1 

,,, 

OliundHBa 

,lo 

Bn.n.W,Sin.s. ..[.... 

1-1 

p™,  I.™,- 

1 

W.  H.  Ostmnu-.. 

H    «   It 

' 

,1., 

Htidmn  Engl- 
iietring  a> 

.—.do 

Wi-AchtUet... 

179 

HMrlsoll.S"..  K.or... 



JahnW.  Slerllng. 

CleOfBB  R.  Blin. 

SCmiABT    OF   DRILLINQ. 


Tfportfd  m  1904— Continued. 


NEW  JEBSET— Contlnned. 


Driller. 

5 

u. 

H. 

C 
C. 

c 
e. 
c 

1 

n. 
m 

M 
140 

OepOi 

Height 

™n£' 

Kindol 

Remsrior. 

1 

/N. 

& 

m|.(.ly. 

n. 

Xi 
GO 

lots 

90 

1 

1 

"i- 

No. 

OaU 

o«. 

:E 

■M 

126 
M 

I9M 

1«M 
ItM 

..do.... 

167 

F.T.Ctailek.... 
do 

..do.... 
..do.... 

..do...- 

..do.... 

CL.B,) 

(L-fi.) 

(L.S.) 

z 

H.B.BaraMI.... 

-" 

NEW  MEXICO. 


beds  m  ]za  Slid 
380  feel.  (L.) 


NEW  YOBK. 


l.Jenkliu.. 


riatTlOBndl.OW 
feet;  Kan  at  COD 
>nd  I. no  r^I: 
vleid,  lA.UOO  ru- 


Hi  GO.  Htk  :ffiG 
230.  hikI  Mi 
feet.    (L.a) 


60  RKCORD   OF   DRKP   WELL   DRILLING   FOR   19M.         [bcll.  16L 

Summttry  of  wfU  drSling 
NORTH  CABOUNA. 


». 

county. 

T. 

a. 

B, 

Owner. 

ContiBCtot. 

^ 

- 

IIS 

187 
I9U 

Cnyshog. 

Huab;  Really  Co. 

DilibleABnuMI. 

u.i«Uiii 

do 

do                         do 

F  T  ShowlH 

do 

do 1 do 

Nonheni       Ohio 
SmaLCo. 

l«l    do 

IIB     6e.iv. 

of. 

1 

IW 

do 

Wllltnm  M.TllnH,. 

do                   K.,r>l 

d                                iln 

J 

(;,I..C«U!rllne... 

«,  L.Cus« 

1 

1 

. 

„ 

funn.     n  i-Jt  No.  H. 
UekLiiK i:ik-a,  7  m.  W.  ol 

"iiraTciu."  will 
KUL.l  Co. 

■'eamllACii... 

do 

K» 

do 

HoDtsomecy  .. 

of. 

-m 

^^ 

lmyl..ii  suite  Hm- 
1,11.1. 

Jaa.  Kinney.  Jr.. 

1.1KW.1  SUHHART   OF   DRILLING. 

rr/iorlnt  in  I9f>4 — Continued. 

>(OnTH  CAROLINA. 


™». 

1 

1 

... 

'li 

or  oil 
nipply. 

"SS 

Y«r 
5" 

Klndol 

„„.,^ 

"Z. 

1 

1 

No. 

H. 

1 

«. 

Goft. 

Odtt. 

law 

Wster. 

(!..«.) 



p 

^ 

K-PilBoe 

E.D.Bn»»t 

tPiiaw 

C. 
C. 

K.Ii.Xiii«t 

0. 

f. 

GeoisaValM... 

c. 

c.  1 

VI.  B.  Emer}.. 
' do 


H  S!)- 


0. 
^1 

n, 

m 

H 

ml 

2&1 

H 

MO 

471 

.... 

4M 

IfB 

10 

rto.... 

(L.)  

do.... 

Wtll  in  old  rivet 

<lo 

ao.... 

11-8.) - 

(to.... 

All'iiilckMndiv' 

■«o'm. '^'"" 

rto.... 

...i    liAOJ  ISOO  |..i 


sr 


BECORD   OF    DEEP    WELL    DRILLING    FOR   1904.        iBru..  2M. 

Summary  of  wtU  drUiing 
OHIO— Continued. 


No. 

-"•'■ 

T. 

H. 

OwQtr. 

™»„. 

.... Ho. .-....- 

Em  rUra  aisle  Hos 

A  M»"er 

VilliiKeo(Ml.mit 
F.E.Ensl«nd.... 

Jan.  Kinney,  jr.. 
W.G.Tefler.... 

2Vt 

do 

2 

6 

» 

»»•. 

W.H.ropley... 

Bummlt 

Kmir  S.  end  ol  8um- 

W«lerWork»Co.. 

Jm.  Kinney,  jr.. 

■il» 

Piruhnnt    ViUve 
H»rTj-D«jt<iii.... 

Wnjne 

Dibble  .<iEme>l. 

IWIlanrt.   (HmlKpll 

rjYlnno  DrllllUK 
Mnrhlnp  Co. 

init  Co. 

■TV., 

I'j&l-i.i,",,'',! 

]• 

i;.F.Mun»Ae.m. 

F«nknm,^h.. 

OKBfiON. 


T" 

"'"'' 

Fori  SUvcns 

..,„. 

" 

PiflWr.    o(    Good 

Mm,kl«M 

PENNSYLVANIA. 


...„ 

Aii'-si"-"y 

Bradloi'k 

Bniildoi.'k  Water 
Works. 

llr.Slew«rt 

Cunegle  Steel  Co.  . 

^ 

"" 

oSeedelalk'd  reeoid  it 


UNBB.] 


SUMMARY    OF   DBILLING. 


68 


reported  in  1904 — Continued. 


OHIO— Continued. 


Driller. 


W.  G.  Teeter. . . . 
J.  A.  Yinglin... 

W.  H.Copley... 

do 

do 


•c 

o 


c. 


M. 

C. 

c. 
c. 

M. 


a 


Ft. 


176 
50 

81 

67 

45 

125 


In. 


M.      150 
O.  I).  Thomas...   C        85 


R.  Lambie. 


Albert  Tracy  ... 

/Frank  Clough:   1/^ 
1   Evidence  Kirk  f^' 


C. 
M. 


D. 


D. 


70 
3,710 


604 


193 


[,262{ 


51 

8 

4J 


Depth 
to  prin- 
cipal 
water 
or  oil 
8upply. 


n. 


8 


51 


41 


40 
20 

79 
57 
44 
23 

50 
47 


Hclffht 

of 
water. 


160 

l\}i.m 


-20 


Yield  per 
minute. 


o 


Gals. 


-20 


-12 


S 


Gals. 


Year 
com- 
plet- 
ed. 


1900 


450 


188 


1904 
1904 

1904 
1904 
1904 
1904 


Kind  of 
well. 


301     19(M 
200     1904 


1904 


60 


bb 


1904 


1904 


1904 


OREGON. 


Charles    Palm- 
berg. 


S.ClIfTord 

James  Toralin 


M. 


80 


D.   140 


D. 


195 


80 


130 


-7 


40 


1904 


1901 
1904 


PENNSV  LVAXIA. 


Water 


..do 
..do 

..do 
..do 
..do 
..do 


Remarks. 


Wells  Nos.  2  and 
3.  Wells  500 
feet  apart,  each 
yields  60  to  70 
gallons  a  min- 
ute. 


Water  soft.  Tem- 
perature 46°. 


(I-) 

Well  No.  1.    (L.) 


.do....;  Well  No.  2.    (L.). 
.no....    ( i.<*  o.) ...... ^. ... . 


.do 
.do 


.do 


Little  oil.  gas.and 
salt  water  at 
2.995  feet.  Top 
of  salt  at  3.239 
feet. 

Brine  at  237  and 
588  feet.  No  oil 
orga.s.     (L.  8.) 


Water 


.do 
.do 


Water-be  a  ring 
beds  all  the 
way.  Water 
slightly  irony. 
Temperature 
52°. 


No. 


^Barrelsaday. 


211 


212 
213 

214 
215 
216 
217 

218 
219 

220 
221 


222 


225 


226 


227 


1 

C. 
C. 

C. 
C. 

C. 

67 
102 

90 
131 

87 

16 
51 

•  •  •  • 

8i 

92 

66 
120 

-55 

750 

22 

1904 
1904 

Water  . 
..do 

.  .do .... 

Test  hole.    (L.) .. 

Water-bearing 
bed  at  51  feet. 
Water  soft.  (L.) 

(L.) 

?V8 

James  HofTman. 

229 
230 

Joseph  Huf  man . 

-38 

1904 

.  .do .... 
.  .do .... 

Water-  bearing 
beds  at  69,  87. 
and  95  feet. 

No.  1   test  hole. 
(L.) 

?31 

?Sf?. 
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Sumnutry  of  i(i«U  driUinff 

PE  VNSTLV  AMIA-Contlnoed. 


... 

Counly. 

Locallon. 

T, 

.. 

»■ 

<„„„. 

c™,„. 

I 

CamtrKtcSlerlCo. 

n™oe«eii<lWalor 
Worki, 

R,9.LpiBtjlon— - 
Teller     Lumber 

Nonhwood  Cem- 

R.H. Black 

2U 

m 

Z3S 

^ 

Plltabu 

Uberty  Wei  1(50. 
Clhaon    &    Bo. 

[Rcnrr™.     Wallace 

1- 

Charter 

ClearHeld 

IJcllshl,N.P.Whcelcr 
Iflrm,  wollNo.M. 

IHiKlwc.  F.  B-  Morris 

l"K,'wl;iiJ!o.r' 

PorHilGMCo.... 
jSiiotli    Pann    Oil 

"' 

)-- 

R.   11.  Mod  A 

1^. 

1 

VonluroOilro... 
HopctiaaCo 

JnlmMK:ool... 

MDiitgomers-  . 

n» 

Port  Kennedy 

JoHiah  0,  Winner 

Harper. 
JoBlah  a.  WJii- 

las     Bmokfl     Snrm. 

do npcrflclil  Twp.,   Dell 

1      No'.  1. 

<•  See  deliiiled  rocord  hi  vnd  ol  table. 


SCTMHABT   OF    DBILLINO. 


rrporUil  in  1904 — OontinuRil. 


PENNSV  LVAWIA-Con 


i 

Drpth 

Yield  per 
minute. 

Remarkt. 

Driller, 

1 
1 

i 

x 

1 

Oo/t 

1 

«■ 

"sr 

No. 

! 

c^ 

aae>. 

..„,. 

No.  ::  MM  how. 
Tart  well,    tl-)-- 

WIeet.  <L.) 

rKi'..'i-iii'a 

1    «OOIeel.    (L.M.) 
Water  al  37  feeL 

Freah    vrarer  ai 
water  at  •:»  and 

i,ff."Tti,r 

Hard  Hater  alM 
lem.    IL.S.) 

m 

1 

-» 

1 

'  *. 

1    ^1^^ 

19M 

..io.... 
..do.... 

Waler  . 

Oil.... 

Gail.... 

i 

h 

c. 

1„. 

' 

MOD 

1 

jBnvard  &  HdI- 

' 

X     si!       71 

.,«» ....1 

1.TW 

h 

'J3BC«. 

19D2 
19M 

1 

IK.   It.    Hi-tH>n- 
{    aid;  William 

|"S.  %■."■'■"„•: 

1 

1 

W 

1-1, 

1    beiigh. 

1      i«j 

pi.  3.M0  ;»-et 

1 

1 

610 

1 1   frybSK.   IM 

..Miia. irr.^"f:'^:: 

1  ■i.Morm.    (L.) 
'              ||0b<  al  ».m  feel. 
1«M    ..do..,. 

1 

■\    Isrly. 

1 

.„ 

I 

ni. 

i 
I 

[   poiindt.    (Lj 
PilU-burg  coal  al 
«(8lBM;ga»  «[ 

licl.    (L.)   * 

, 

1 

1 

1 

. 

1                     240  teei:  gaa  al 
1                     50a.S-.Vandlt2fi 

1                '      donii.  *"'"' 

,  Jar  O.  winger.. 

1 

1      MBIeet.  Water 
Imrd,    |L-S, 

1           ■                i      775  tm.     Wull 
1         1                  abandoned. 
1         1              1     (L.) 
OV  Dm  ...do....   RhowtriK  ul  oil  al 

1      !  p-x's 

«■ 

! 

» 

SGQ 

A  Barrels  a  day. 
Bull.  2(H— 05 5 
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SammfiTi/  ••/  "til  driUitnj 
I'EX  N  S Y  I,V  A  N I  A— Com  Inuiil. 


.    Deerflpld  Twn.,  lohn    . 
Hnlilcn   Inrm,  well 


rto 

i1r> 
rtn 


I>ei'rllelcl  Tirn..  PhlU- 
tU']|>r>:ii  trarl,  »L'U 


Dwrtlpl.l  Twji..  Ren 


£1ilrrd  Tnp..  Adam 

larm,  well  Sii.  11, 
RMrpil  Twp..  AdRm 


EUln-dTwp..  M.<- 


j  Klilo-'l     Twp..     KlU- 
1  Kliln-I      Ivy..     Kl 

'  K|.|rc.lTH[,.,ljiniai 

i    Un.  «Hf  N...  II-,.  I 

Rli1r«.l      Twn.,     U.t    . 
I      \r..  117.  wi-IISn.  I 


.    Elilml    Tup..  Phtl». 


.   T«ll*lim>I>ii!i 


SUMMABY    OF   DRILUNO. 


Tf}>nr1ed  in  1904 — Continued. 


PENNSYI.VANI  A— Com  Iniiei). 


J.  G.  uid  J.  O. 

J.  O.  Winger. . 


IJ.  G.  Wlmter;  ,1,.    i 
I  W.  D.  Pulnnn.  iF"  ' 

1 

{  'winger    *     *  }"■  l''^ 


Jnitiah  Q.  Wln- 


A  1.  J.     C.  ,    SIH 


'iJiiy  O.  Winger:  'l.,    '    „. 
(  CharleaArlen.  T'     * 


8-1- 


(«.,     (L.) 

Soltwa 

fri'vi. 

duniig 

"JUr; 

a  day. 

leel.    <L.J 

rnwhTVlUvf,?!!)!!! 
1N7       ftH-l.       SKJl 

«r»Ier.lH7lo:il3 

I  -aWaiidV-IUfevt. 
I  Abanduiioil. 
I    (L.I4.) 


100  [eet;  Nill  ' 
waliT  lit  150  ; 
leel,    IL.1  1 
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Siimmnril  of  well  drillimj 
PEXNSYX.VA?riA-Cimliniied. 


No. 

Counly. 

T. 

»■ 

fi. 

Owner.                 Coiilnu-lor. 

-..-do 

di> 

do_ 

mdrcd   Twp.,   Phila- 
delphia irael.  well 

Eld  red   Twp..  I^IU- 
delphlB  liaci,  well 

Eldred   Twp.,  Phila- 
dtjphta  .n«:t,  well 

Eldred   Twp.,  Phila- 
delphia Iracl.  well 

Eldn.ll   Twp..   Phi  la- 

K"  ""'■  "•" 

EMrwl   Tw[..,   I'hilii. 
delphlA  IniL-t.  WL'll 
So.  8. 

El^In^l  Tw|>..    W.  II. 
rifnc    rnrm,    well 

Tall  Ji  l>HteT4)ii.. 

(ret. 



e 

^. 

do 

...-■It. 

1 
1 

1.I1.  well(/o.'lO. 

1 

,„ 

1 

1 1 " [ 

'■■■T-';^™"'r """  ■-.■■'" 1 

i 

KMrril    Twr...    Wii.l.i 


UKMt-]  SUMIIARY    OP   DHILLINQ. 

rrporteil  in  1004 — Continued. 


PENNSTI-VANTA-ConUnuwI. 


^t'liBin.' 


Jnj  O.  Winner. 
jHany  Eaton: 


Gl!>  'K-a|l       MT 


}d.  I     &M    IMH 


rcr 


'S- 


Oil    *iu]    WMtei 
nw  200  Ivel  in 

well.     (L.) 

iliirlnjt  about  1 


of     Hit     V 


oil 


porli. 

(L.J 
Oil  and  KM  at  331 

loni  by  torpedo. 
Well  abaii- 
donnl.    ( L. } 

MiK'h  «lt    VAtfl 

.T"l™lhp'S'^l. 
HmaJliitiowlDtiol 


KhowinK  of  nil 
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Summary  o/  uvU  ilrilluig 
PKNirarXTANIA— Conttnoed. 


No. 

Cnuntr. 

Lqoition. 

T. 

TL 

S. 

Owner. 

ronliBCIor. 

[BCin.  well  Ha.  I. 
l8«iilhweM     Twp., 

„..»„,„».... 

g.T- 

rln 

(,,..„™„... 

„u.» 

"" 

lIHOnE  1SI4AXI>. 


.    Nclmn  W.  Aid  rich 

.   ftlwiii  w.  wiiiu-r I 


.    Rev.    Oeorjte    T.     C.  L.  (i 


SOT'Tlt   1>AK01'A. 


Z..igler,  I 

Niirberk      *  I 


TKNNKSSKK. 


SUHHART    OF    DRILLING. 


repurtnl  in  1904 — Oontinnal. 


PENXSTtVAJNTA-Conlliineil. 


Driller. 

% 

< 

i 

i 

Yield  per 
minuie. 

'5- 

Kind  al 

Remarbi. 

So. 

s? 

1 

1 

J.irO.WllWBr.. 

J.  O.  and  J.  O. 

a.T.Cr(rt 

0. 

497 
4Si 

M 

13- 
10- 

m 

0«U. 

]8W 

1904 
1904 

"•"'■ 

Pre-I.wa,..,!:^ 

1 

"IS 

hSI^a'mtoiilfa'i 
IWHeeL    Shuw- 
ItlE  ul  nil  and 
gas  at  TU  HDd 
«8li*l.    Yield 

du/ed.  ^L,')"" 
iFrah    waler    atl 
1    RileW.     (L.S.)/ 

Wawr  Hi  SO  and 
1,U«!(m-i.  Pltu- 
ImrRt-oalaiaae 

l.raileel.  (L.H.) 

» 

RIIODK  ISLANTt. 


M. 

K 

w  ' 
lib  i» 

1 [ 

1  Z'. 

:»:::::: 

>  II9M 

17     IBM 

..do.. 
..do.. 

.1  WKter 

(L,S.) 

.    (L.B.> 

»th«hard 

■W 

IFrauk  Mod  tier, 
\    M.  F,  Kn«iil. 
J.  F.  MatlhewB . 

1 

"Wl 

1 

M>UTH  I>AK(>TA. 


Maltenun    & 

Z«igler. 

M. 

3911 

51 

I9W 

T«.   hole      w^  1  '^1 

1 
1,»I7    

„ 

t.i60Ie,.t,  IL.S,) 

Verjwfl.  Tem- 

TENNKS-tKR. 
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Summnty  of  mil  drilliug 


do. 

I  Denton 


It  S»iQ  Bouillon  . . 


nPmo.  ■/&m.  N.  of,. 
laUon,  l*araflav  Oil 


Kwinla-,   IS  m.  NW. 

ol.  (KrlLmi.'.-No.-J.) 


Mr.  Br).n 

CoUeae  Addition  1. 

WHllTMld  PQW- 

AlbfrtM.Coe 


J.  F.  Mihlll  und  , 

Wllef  N.  Coe. 
TeXM  Drilling  Co.   Tuxu  llrllllng 


P.  M.  (iranbcrr)- 


BUfWABY    OF    DRILLING. 


rtporled  in  1904 — Continued. 


H,  T.  Olllion.., 


ea  W.  Claik. 

IHanuirk;  Pan- 
hue. 


■:.     Mo{ 


'  Depth 


D.       690Ji^}... 


Ulllc  gu' 
'feet.  Wa- 
beiirltiK 


(MUKncl4a>fi'Pt. 
Bry  hi.lc.    (L.) 


Well  No.*,  (I,.). 
Wdl  No.  !>.  (L.). 
ftrrhnle.    (L.)... 


'z 

1v 

i 

i><T  iioie.  1 

(L. 

1 
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SHnimnTH  of  ■•■,11  iWiUh.g 


K„. 

-'■■ 

Loi»UDn. 

T. 

K. 

S. 

o.„„. 

™„-. 

il3    lnui-ldfr 

RrlBlmm 

• 

3 

U 

K.»l.. 

i 

fiii 

<Jnn>&(lHli>-., 

|,..,.M, 1 

.,. 

.1  LewiHiilnter I 


WASHl>OTON. 


iVKST  VIBtJlNl-' 


-■31" 

r 

« 

RlK'lile 

1 

32-J 

r 

FoDnnf  l.i[|]c8an>ly.   | 


Wheeling 

ElarrisvillcK.ll.Hiiv 


^tiiilnl  rcooiil  nr  cni)  of  inlili' 
■tniUi]r*i'r>niiiit«|i.-ron  "I 
iiuii:<iu  ^A■ullullll.■  Uw.iogy,  I 


LvlilghOIK^.. 


IHo|>.'NHliimlll>iM 


in  Snll  Ij.br  Hh^Iii. 


SUKMAKV   OF   DRILLING, 


rrporUd  m  1904 — Continued. 


™„„. 

If 

1 

D.-pth 
Mipply. 

Yli'i<l  per 

S' 

will!" 

.„».. 

"T' 

. 

I 

So, 

Oeo.  G.  Halter- 

nlS, 

ill. 

H. 

OaU. 

.«. 

..do.... 
Oil  .... 
Wali-r  . 

NoinowinR 

Dry.  WelL.im  1101 
1    l^'t,     ,1.1 

O.    2,000 

• 

. 

-2! 

«0 

•m 



1 

.,- 

1- 

\  111 

>■  1  n 

»-« 

.  U.       M&  ....         410  . 


■WA^WOTON 


I  O.i'.JtHIBI I  M.  I      itft  |....| I I I   liM  I  W.lH-.|... 


AVK-^T  VtltUINlA. 


a.saJn- 


H()li>fliiwccllull 


Wnlpr.l  Soil... 


I  MtlRbaix  P>» 

nml   S.OOUlr    - 
Ylolil.    (1..I4 
Water  at  «a  Tl.. 


fl."riJrylIo'S-  I 
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Summarii  oJntU  drilling 


WKST  VlROlNTA-OonlinuHl. 


». 

c»„,,. 

^,„„. 

T, 

R. 

.. 

Owner. 

„».,. 

J.o.K<Wy 

Haftnnlifl  dlrtriel. 

do 

ilo ' 

Z  B  Wulktnj  '' 

(It. 

WIM^ONSIN. 

^ 

20 

30 

choewtwiory.... 
JohnM.rt 

J.J.hlamil 

:: 

do 

Columbia 

FulidilllLaf... 

■ 

n  Twi 

*' 

Acnihiny  <il  81. 

P.KoiiBhPU 

.        . 

W.KS.-aly 

H,H.(i.>nkT.... 

7N. 

■T 

" 

(HitatmniLf.... 

<,'niinid(nob.-L... 
f^hnTlo!!  II.  FIvhPF 

.„.. 

D^lo 

!> 

35  E. 

S6 

M 
9 

(ir^nvnie 

; 

.1o 

HortoDTllle 

do 

3*1 
MM 

....<lo 

do _. 

Mertliia 

M.BotIn-11 

■-"" 

. 

£!E. 

aw. 

^■^■'^•"""^ 

Vnlk-y 

wT,";.::::: 

John  Lpmkc.. 

W.  L.  Tlioni.'  A  1 

T- 

1  W  Hill, 

,lo 

; 

!.> 

Winnoiwno 

r«      ].    . 

1 

1 

u:™.}  SUKHABT   OF   DBILLIKG. 

rrporltd  in  1904 — Continiieil. 

WBST  VinalNIA— ConUuued. 


!  ThoH.  KafRU . 
P,  Roughvii f 


V.L.ThorntA 

I.M.Kiiasrk.. 

J.  Yalitike 

!  John     Vnhnki' 
(ktJdF.Hwm. 
J.  Yuhnku  and 
31 .  ill lis. 


WISCONSIN. 


116 

-& 

% 

lOO 

TO 



m 

-6U 

.,  (I..8.) 

"(iood  Blmun  nl 
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DETAIIiKD  RKCOKDH. 

The  detailed  reports  which  follow  were  selected  because  they  give 
definite  stratigraphic  information  or  information  of  importance  in 
drilling  adjoining  wells.  While  only  such  records  were  chosen  as 
api^eared  to  have  been  kept  with  care,  the  Survey  does  not  guamntee 
their  accuracy.  Descriptions  are  given  substantially  as  presented  in 
the  original  records,  although  the  compiler  has  taken  the  libei-t}'^  to 
make  some  cliauges  in  nomenclature,  such  as  substituting  shale  for 
'•soapstone,"  and  to  make  other  modifications  in  favor  of  uniformity 
and  conciseness.  When  the  samples  suggest  an  interpretation  radi- 
cally different  from  the  one  in  the  driller's  log,  both  are  given,  with 
the  f omier  in  parentheses.  Other  interpolations  made  on  the  authority 
of  the  compiler  are  also  bracketed. 

13,    WcU  near  Seaxltle^  .\f(mlerei/  County,  fbL 

[Authority.  B.  N.  Baker,  owner.] 

Feet. 

Surface  Hoil 0-10 

WaUTsami 10-40 

Quicksand 40-  60 

Gray  sand 60-120 

Adobe  clay 120-i:^ 

Blue  clay 13<>-148 

Sandy  ehale 14S-155 

Hani  shale 155-l.y; 

Bine  Hhale 156-17.S 

'*Chalk  rock'* 17;^-18:{ 

Blue  shale 1 8:^-240 

Hard  shale 24(V241 

Blue  shale 241-258 

Yellow  clav  and  sand 25;i-268 

Co])l)lestone,  jjravel,  an<l  watef 26;i-27() 

Water  sand 27{)-'Mi 

Blue  shale 303-:U5 

"C^halkroek" 315-8;« 

Sandy  shale :iSS-425 

B 1  ue  e  1  a y 425-4 4 1 

Sand  and  shale 441-4<)H 

Blue  clay 468-41K) 

Sand  and  shale 41)0-51 8 

Yellow  clay 51:^-518 

White  sand,  earryinj?  some  water 518-540 

Yellow  elay 54()-5()0 

Blue  shale 560-581 

Sand  and  jjravel 581-610 

Hard  shale;  shell 610-<)17 

Last  entry  is  probahly  incorreet.     Watt»r  was  strm'k  at  610  ftH»t,  after  piercing  shell 
an<l  ^oing  with  tlrill  into  water  sand;  liow,  30  gallons  a  minute. 
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14'    Wall  on  Ptwhlo  IM  146^  l*oint  Ijoma^  San  Diego  County^  Cat. 

[Begun  August  IH,  1900;  completed  March  18,  IWl.    Authority,  KHthcriiie  TiiiKlcy,  owner.] 

[Elevation  of  mouth  of  well,  255.88  feet  above  hi|?h  tide.] 

Feet. 

Surface  clay 0-    3 

"Hardpan" 3-    8 

Sandy  c  lay 8-30 

Water-bearing  sand 30-  40 

Sandy  sliale  and  dry  sand 40-  60 

Sandy  shale 60-100 

Sand  100-106 

Dark-blue  shale 106-190 

Water-lHjaring  sand 190-192 

Dark-blue  shale 192-200 

Water-bearing  sand 200-202 

Dark-blue  shale 202-260 

Whitish  day 260-261 

Coal 26 1  -262 

**Ore" 262-265 

Water-bearing  sand,  gcKnl  water 265-271 

Dark-blue  shale 271-298 

Water-bearing  sand 298-300 

Dark-blue  shale 300-320 

White  quartz.  )      ,,      ,        ,                  .       ( 320-321 

Blue  granite..  }P^^^^*"*»^^'^^'^"^I^°"*"^\ 321-323 

Light-blue  shale 32:^350 

Alternate  shale  and  sand ;^0-360 

Light-blue  shale 360-370 

Water-bi»aring  sand 370-372 

Light-blue  shale 372-388 

Water-bearing  gravel  and  sand 388-390 

Shale,  gravel,  and  clay 390-400 

Point  Loma  is  an  isolated  cretacetnis  sunnnit,  acconling  to  the  State  Mining 
Bureau,  and  the  above  log  shows  the  geologic  column  of  its  undisturl)i><l  strata. 
Diameter  of  well,  6  inches,  0  to  40  feet;  5  inches,  40  to  400  feet.  Water  level,  253 
feet  l>elow  8urfa<!e,  or  2.88  feet  alx)ve  high  tide.  Estimated  yield,  Ii5,000  gallons  daily 
if  all  water-bearing  strata  are  used. 

i'.j?.    Weil  at  Lajnnt^t^  (Hero  f  hunt  if,  Colo. 

[SampleM  fnmishcd  by  Ijh  Junta  Oil  and  <ia«  romjMiny.] 

Feet. 

Clay 800-1,080 

Sandstone  and  limestone 1 ,  230-1 ,  290 

Light-red  sandstone  and  limestone 1, 300-1 ,  500 

Dark-red  sandstone — limy 1, 5(X)-1 ,  535 

White  sandstone 1, 5:^5-1 ,  600 

Reil  sandstone 1 ,  mX)-l ,  61 2 

Red  sandstone  and  gray  limestone 1,612-1, 660 

Red  sandstone  and  limestone 1, 6(K)-1,  703 
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4^,   ^^■eU  at  liehidere,  Bottue  Omnttj,  111, 

[Bcgiin  April  9.  VX&\  wmplctud  May  23. 1903.    Authority,  H.  W.  Hambrecht,  driller.] 

Feet. 

QQickaaiid 0-40 

Fine  gravel 40    -      90 

Coarse  gravel 90    -    122. 5 

Gray  limestone 122.5-    355 

St.  Peter's  sandstone,  coarse  and  honeycombeil,  water-bearing 355    -    574 

Red  marl  and  limestone 574    -    608 

Brown  limestone fl08    -    643 

Brown  shale 643    -    718 

Sandstone — water  of  good  quality 718    -    834 

Retlniarl 834-854 

Blueshale 854-984 

White  sandstone,  honeycombed  rock,  water-bearing 984    -1, 070 

Blueshale 1,070    -1,168 

Postdaru  sandstone,  soft  water 1, 168    -1, 231 

Well  ended  in  blue  shale.     Total  depth,  1,231  feet.     Ten-inch  drive-piiK;,  0  to  ILT) 
feet;  diameter  of  hole  8  inches  from  125  to  608  feet;  6}  inches  from  608  to  1,231  feet. 

46.    Well  iU  NaitcrvilUy  Duintge  Cwmly,  111. 

[Begun  Auguiit  81, 1903:  cumplvted  January  19, 1901.    Authority,  H.  W.  Hambrecht,  driller.] 

Feet. 

Black  soil 0-        4 

Sand  and  gravel 4-      10 

Blueshale 10-      18 

T/xjso  rolling  rock 18-      21 

White  limestone 21-    237 

Hhie  shale 237-    320 

White  limestone 320-    64() 

St.  lVter*s  sandstone;  water,  hanl  and  fit»ft  in  streaks (546-    1\)2 

BUie  shale 792-    836 

Brown  limestone 836-    950 

Bhiesliale 950-1,  152 

Gray  limestone — water-ln^aring  n)ck  full  of  crevices 1, 152-1 ,  425 

Ten-inch  drive  pipe  from  0  to  117.5  ftHjt;  diameter  of  hole,  8  inches  from  117.5  to 
S:W  feet;  6]  inches  from  836  to  1,425  feet. 

/7.    Well  in  *SE.    \  uf  NW.  J  sec.  SJ^  T.  15  N.   (IJ   miles  we»t  of  Keuxinee)^   Hntry 

Count i/f  III. 

[Bcgrun  Septonibc'r  U,  VXA.  completed  November  LM,  I'JOJ.    Record  and  HAmplcH  furniMhiHl  by 

L.  Xicliols,  driller.    Ot»oU>glc  divisions  made  by  E.  O.  Ulrich.J 

Feet. 
Yellow  clav 0    -  10 

Yellow  clay,  sjindy U)    -  20 

Lower  Pennsvlvania  coal  measures: 

Blue  sandy  clay 20    -  M 

Soft  dral)  shale ;J6    -  85 

(V)al 85    -  86.5 

Soft  drab  shale 86. 5-  92. 5 

1  lard  gray  sandstone 92.  5-  93. 5 

.S>ftdrab  shale 93.5-172 

C(»al  and  shale 172    -184 

Coal 184    -187 
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Lower  Pennsylvania  coal  measures — Continued.  Feet. 

Soft  dark  shale 187  -    202 

Hard  dark  sandsUme 202  -    202.5 

Soft  gray  shale  mixed  with  lime 202.5-    238 

Soft  black  shale;  with  py rite  282-301 238  -    308 

Gray  sandy  shale .- 308  -    322 

Gray  sandy  limestone 322  -    352 

Devonian  and  Silurian  limestone: 

Hard  gray  limestone 352  -    650 

Light-blue  limestone 650  -    670 

White  limestone 670  -    730 

Gray  limestone 730  -    760 

Maquoketa: 

Light-green  shale 760  -    833 

Hard  gray  limestone 833  -    850 

Hard  light-green  shale 850  -    915 

Hard  brown  shale 915  -    940 

Hard  drab  shale 940  -    949 

Galena  limestone: 

Dark-brown  limestone 949  -    970 

Gray  limestone 970  -1,030 

Brown  and  white  limestone 1,030  -1,050 

Brown  limestone 1, 050  -1, 073 

Rig  used,  pole  tools.     Diameter  of  well,  12  inches  0  to  174  feet;  10 J  inches  174  to 

352  feet;  8|  inches  352  to  954  feet;  6  inches  from  954  to  1,073  feet.     Hole  practically 

dry  to  475  feet,  where  water  rose  to  within  300  feet  of  mouth  of  well.     Water  fresh, 

no  great  amount.     Main  supply  from  954  to  1,073  feet     Well  pumps  80  gallons  a 

minute. 

o'J.    Well  at  Strealor,  IxvKiUe  CouiUy,  Ili. 

[Begun  September  5, 1902;  c^ompletcd  November  15. 1902.    Authority,  H.  W.  Hambrecht.  driller] 

Feet. 

Yellow  clay 0    -        5 

Shale 5    -        8 

Coal .• 9    -      13.5 

Shale 13.5-      15 

Brick  and  tile  clay 15    -      20 

Bhie  shale 20-90 

Blue  and  brown  shale 90    -      95 

Coal,  good  quality w 95    -      99.5 

Blue  shale 99.5-     172.5 

Brown  and  blue  shale 172. 5-    185 

Coal,  best 185    -    187 

Brick  and  tile  clay 187    -    195 

White  limestone • 195    -    385 

St.  Peter's  sandstone;  water  in  lower  part  not  good 385    -    596 

Blue  shale 596    -    620 

Brown  limestone;  very  good  water 620    -    706 

Madison  sandstone;  slightly  salty  water 706    -    834 

Brown  limestone;  soft  water 834    -1,056 

Sandstone;  water 1,056    -1,096 

Limestone 1 ,  096    -1,115 

Eight-inch  pipe  from  0  to  195  feet;  6-inch  pipe  from  0  to  620  feet;  6-inch  hole  from 
620  to  1,115  feet. 

Bull.  264—05 6 
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62.    Well  No,  1,  on  G.  S.   Whilehair  farm,  in  SE.  J  of  SE.  J  nee.  :?4  (4  miles  SE.  of 

Albany),  Delaware  County,  Ind. 

[Begun  October  11, 1904,  completed  October  31, 1901.    Authority,  William  Jameson,  driller.] 

Feet. 

Soft  black  soil 0-  10 

Hard  dark  limestone 10-  45 

Soft  red  shale -. 45-  60 

Gray  limestone  of  varying  hardness 60-  200 

Soft  shale  (calcareous) 200-  220 

Hard  blue  limestone 220-  260 

Soft  light  shale 260-  280 

Hard  dark  limestone  and  shale 280-  300 

Hard  blue  limestone 300-  :W0 

Soft  light  shale 340-  500 

Soft  brow n  shale 500-  600 

Soft  light  shale 600-  700 

Soft  dark  shale 700-  800 

Soft  brown  shale 800-  950 

Trenton  limestone 950-1, 260 

Some  gas  at  top  of  Trenton.  Well  finished  at  1,262  feet  with  little  show  for  oil. 
Shot  with  200  quarts  of  glycerine.  Diameter  of  well,  8  inches  from  65  to  ;i40  feet; 
6i  inches  from  340  to  1 ,262  feet.  Casinginsertedat  340  feet.  Principal  water-bearing 
strata  between  30  and  320  feet. 

64'    Well  No.  6,  on  the  Iloppin  heirs'  farm^  in  sec.  24%  T.  12  E.  {one-half  mile  east  of 

Redkey),  Jay  County,  Ind. 

[Begun  October  10,  IIKM,  completed  November  5,  1904.    Authority,  Bert  Gilbert,  drille".] 

Feet. 

Soft  brown  clay 0-      40 

Soft  blue  clay 0-     100 

Hard  vcllow  litnestoue 100-     120 

Hani  gray  limestone 120-    180 

Soft  gray  shale,  ''brake" 180-    240 

1  lard  gray  limestone 240-    260 

Soft  gray  shale,  ' '  brake  * ' 260-    300 

Hard  gray  limestone 300-    320 

Softgray  shale  (brownish,  800-840> 320-    960 

Trenton  limestone;  ga^  j>ay  960-980;  oil  sand,  1, 360-1. 385 960-1, 385 

Principal  water  stratum  in  limestone  at  depth  of  153  feet.  Amount  of  oil  obtained, 
5  barrels. 

69.   Well  at  Cherokee  Slate  Hospital,  in  sec.  28,  T.  92,  R.  40  (IJ  miles  NW.  of  Cherokee), 

Cherokee  County,  loiva. 

[Completed  Februar>"24,  1902.    Authority,  Cherokee  .State  Honpital.] 

Feet. 

Loam 0-    4 

Yellow  clay 4-60 

Blue  clay 60-240 

Quicksand;  water 240-255 

Gravel;  water 255-260 

Quicksand;  water 260-270 

Blue  clay 270-355 
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Feet. 

Sandstone;  water 355-    375 

Shale 375-    385 

Pink  shale 385-    400 

Grav^;  water 400-    405 

Gray  shale 405-    410 

Red  shale 410-    430 

Gray  limestone;  water  between  430  and  435 430-    450 

Gray  shale * 450-    470 

Gray  limestone;  water  between  470  and  475 470-    480 

Shale 480-    490 

Limestone 490-    505 

Sandstone 50*)-    510 

Shale 510-    525 

Sandstone;  water 525-    535 

Limestone;  water  rose  30  feet  from  crevice  in  rock  l)etween  725  and 

735  feet 535-*  965 

Shale 965-1,015 

Sandstone;  at  1,075  feet  water  rose  970  feet 1,015-1,095 

Shale 1,095-1,100 

Gypsam 1,100-1,120 

Diameter  of  well,  12  and  9  inches;  6-inch  pump  casing  500  feet  down.  Depth  of 
principal  source  of  water,  1,120  feet.  Water  rises  to  within  206  feet  of  mouth  of  well. 
Yield,  100,000  gallons  in  twenty-four  hours. 

70,   Well  at  Burlington^  Des  Moines  County y  lovxi. 

[Bejun  Auguiit  22, 1904;  completed  October  12, 1904.    Authority,  R.  J.  Johnston,  driller.] 

Feet. 

Artificial  filling 0-  10 

Yellow  clay 10-  20 

Blue  clay 20-  60 

Sand 60-  66 

Blue  day 6(>-  72 

Soft  limestone 72-  75 

Soft  gray  shale 75-  85 

Softblueshale 85-154 

Soft  black  shale 154-160 

Gray  shale 160-190 

Soft  dark  shale 190-260 

Soft  gray  shale 260-280 

Hard  blue  limestone 280-305 

Hard  gray  limestone 305-325 

Soft  gray  shale  (limestone) 325-335 

Hard  gray  limestone 335-355 

Hard  red  *•  granite"  (limestone  containing  py rite) 355-400 

Soft  blue  limestone 400-410 

Soft  red  limestone 410-425 

White  "magnesia"  (clayey  limestone) 425-435 

Soft  **water  rock"  (no  samples  below  430) 435-507 

Rig  used,  Keystone  driller.  Diameter,  5|  inches  from  0  to  507  feet.  Length  of 
casing,  76  feet.  Main  water  supply  from  435  to  507  feet.  Flows  45  gallons  per 
minute*    Pressare,  16}  pounds. 
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71,    Well  at  Dtiirnpori,  Scott  County y  Imm. 

[Bejnin  March  10;  completed  July  K,  1904.    Authority,  H.  W.  Hambrecht,  driller.] 

Feet. 

Surface  aan<l 0-      24 

Blue  shale 24-      89 

Black  shale 89-      90 

Blueshale 90-    110 

Ix>09erock 110-    113 

Brown  limestone 118-    270 

Blueshale 270-    275 

Limestone 275-    418 

Whiteshale 418-    644 

Brown  limestone;  flow  from  crevice,  alx)ut  80  gallons  a  minute 644-    970 

Blueshale 970-    996 

Sandstone,  St.  Peter's;  flow  increased  to  210  gallons  a  minute 996-1 ,  050 

Brown  limestone;  flow  increase^l  to  310  gallons  a  minute 1 ,  050-1, 300 

Ten-inch  casing  from  0  to  110  feet,  8-inch  casing  from  0  to  120  feet,  8-inch  hole 
from  120  to  1,300  feet. 

78,  Well  at  Horace  {4  miles  east  of  the  Kavsas- Colorado  State  line)^  Creeley  Count  fly  Kam^, 

[Begun  February  19, 1901;  completed  November  26, 1901.    Authority,  E.  Fisher,  engineer  B.  &  B.] 

Feet. 

Cemente<l  gravel  mixed  with  clay  and  lime 0-      55 

Clay,  gravel,  and  lime  mixed 55-     100 

Gray  shale 100-    550 

White  limestone 550-    620 

Brown  shale;  water  at  825  rose  400  feet 620-1, 050 

Sandstone,  more  or  less  broken ;  toj)  of  first  Dakota 1 ,  050-1 ,  095 

( iray  sandstone 1 ,  095-1 , 1 10 

Rcildish  l)r(>wn  sandstone,  broken,  very  much  so,  1,130-1, 148 1, 110-1, 148 

Sandstone;  bottom  of  first  Dakota 1,  148-1,160 

Shale 1,160-1,250 

Reddish  brown  sandstone,  more  or  less  broken;  second  Dakota  water 

rose  800  feet  from  1 ,325  feet 1,  250-1 ,  325 

Shale 1,325-1,370 

Water  obtained  from  Dakota,  sandstone.  In  pumping  the  well  for  several  months 
the  water  which  originally  stood  at  a  level  of  about  830  feet  Ixjlow  the  ground  line 
was  lowered  gradually  to  about  1,0(X)  feet  l)elow  the  ground  line,  and  the  difficulty 
in  pumping  the  limited  amount  of  water  (about  30  gallons  a  minute)  was  so  great 
that  the  well  was  abandoned. 

80.    Well  No,  S  on  the  Robh  farm,  SE.  J  (f  SE.  i  of  T.  25,  R.  12  {near  Neal),  Green- 

(rood  County,  Kans. 

[Bcy^uu  Octol>er  H,  1904;  comjiloted  Novemlwr  12,  1904.    Authority,  F.  K.  Gammon,  owner] 

Feet. 

Soil  and  clav 0-  20 

(Jravel 20-  30 

Blue  clay 30-60 

Limestone 60-80 

Blue  shale 80-1 03 

Limestone 103-126 

Blueshale 12(i-14l 
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Feet. 

Red  shale 141-154 

Blue  shale 154-171 

Limestone...  J : 171-187 

Shale 187-234 

Limestone 234-238 

Shale 23^285 

Samly  shale 285-308 

Blue  shale 308-345 

Limestone 345-348 

Shale 348-350 

Limestone 350-363 

Sandstone;  water 363-381 

Shale 381-386 

Blue  shale;  8J  inch  casing 386-505 

Limestone 505-550 

Soft  limestone;  had  to  put  in  water  to  drill 550-560 

Limestone;  15  feet  soft 56(V-596 

Hard  limestone -. 596-645 

Limestone 645-655 

Blue  shale 655-675 

Limestone 675-685 

Sandy  shale 685-700 

Blue  shale 700-792 

Very  hard  limestone 792-81 2 

Blue  shale 812-842 

Limestone;  water 842-882 

Sandstone 882-902 

Limestone;  strong  odor  of  oil 902-920 

Black  shale 920-927 

Limestone 927-932 

Oil  sand 932 

83.    Well  No.  i,  on  the  Logan  farm,  W.  J  SW.  \  sec.  f7,  T.  SS,  R.  15  (9  miles  south  of 

Indejyendence) y  Montgomery  Omnti/y  Kmis. 

[Beg:iin  April  25, 1904;  completed  May  13.  19(M.    Authority,  A.  J.  Yoke,  owner] 

Feet. 

Surface  soil 0-15 

Shale  and  lime  shell 15-120 

Limestone 120-K15 

Dark  shale 135-140 

Ciritty  shale 140-165 

Limestone 165-175 

Shale  (limy) 175-220 

Limestone 220-260 

Sandstone;  water  and  gas 260-275 

Shale 275-;W0 

Limestone 330-,*^^ 

Shale  (limy) 335-40)5 

Limestone 465-495 

Shale  (limy) .' 495-525 

Limestone 525-535 

Shale , 535-540 

Limestone 540-555 
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Feet. 

Shale - 555-    585 

Sandstone;  water 585-    640 

Gritty  shale 640-    680 

Limestone 680-    705 

Black  shale 705-    710 

Shale  (limy) 710-    725 

Gray  sand;  oil 725-    730 

Gritty  shale 730-    740 

Gray  sand 740-    760 

Black  shale 760-    783 

"Big  lime" 783-    818 

Black  shale 818-    825 

Limestone 825-    853 

Sliale,  gas  and  water 853-    855 

Limestone 856-    875 

Black  shale 875-    885 

Sandstone;  water 885-    895 

Shale  (limy) 895-    955 

Dark  shale 955-    965 

Gritty  shale  (limy) 960-    990 

Shale 990-1,005 

Shale  (limy) 1,005-1,080 

Dark  limestone 1,080-1,115 

Sand;  gas 1,115-1,118 

Hard  gritty  shale 1,118-1,142 

Sandstone;  gas 1,142-1,160 

Yield  first  twenty-four  hours,  18,000,000  feet;  initial  pressure,  480  pounds.     Forty- 
one  feet  of  81 -inch  (basing,  950  feet  of  6J-inch  erasing. 

^4-    Well  Xo.  22,  on  the  S.  Smith  farm,  SE.  \  of  SE.  \  i^fc.  10,  T.  27,  R.  18  {S  miles  NE. 

of  Chaimte),  Neosho  County,  Karis. 

[Begun  November  9;  eompleted  Noveinl)er  27,  1904.    Authority,  J.  F.  Allen,  fieUi  manafrer  for 

I.  N.  Knapp.] 

Feet. 

Surface  soil 0-20 

Brown  gravel ;  fresh  water 20-  30 

Hard  gray  limestone 30-  56 

Sandstone 56-  61 

Hard  gray  limej*tone 61-  65 

Soft  gray  Hhale 65-  70 

I  lard  gray  limestone 70-  75 

Soft  gray  sandstone 75-  80 

Soft  gray  limestone 80-115 

Soft  gray  shale  (limy) ^ 115-125 

Soft  gray  limestone;  4  barrels  water  an  hour  at  128  feet 125-130 

Hard  gray  limestone 130-142 

Soft  gray  shale  (limy) 142-320 

Soft  light-gray  limestone 320-335 

Soft  gray  shale  (limy) 335-370 

Gray  sandstone;  salt  wat«»r  and  gas;  hole  tilled  up  200  feet 370-385 

Soft* gray  shale  (limy) 385-400 

Soft  gray  limestone 400-420 

Shale 420-428 
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Foet. 

Hard  gray  limestone 428-458 

Soft  jgray  shale  (limy) '. 458-490 

Hard  gray  limestone 490-518 

Hard  black  shale  (limy ) ;  water,  40  barrels  an  hour 513-521 

Hard  gray  limestone 521-528 

Soft  gray 'shale  (limy) 528-715 

Soft  gray  shale  (sandy) ;  top  of  sand,  showing  of  oil 715-720 

Soft  gray  sandstone  and  shale  (limy) 720-728 

Sandstone;  oil  sancl,  22  feet  of  pay  at  bottom 728-752 

Yield,  4  or  5  barrels  a  day.     length  of  casing,  623  feet;  diameter,  5  inches. 

122,    Well  1  mile  north  of  Bay  St.  Ijouis,  Hancock  Counlij,  Miss, 

[Begun  October 29;  completed  November  20.  1904.    Authority,  John  L.  Ford,  driller.] 

Feet. 

Bine  sandy  clay 0-  10 

Whitesand • 10-  60 

Yellowsand 60-  95 

White  sand  and  gravel 95-145 

Green  clay 145-160 

Gray  sand 160-220 

Green  clay 220-350 

Gray  sand :^50-370 

Green  clay 370-650 

Water  sand;  flows  50  ^llons  a  minute (550-690 

Blue  clay 690-818 

Water  sand;  flows  225  gallons  a  minute 818-897 

Diameter  of  well,  3  inches. 

126.    Well  H  miles  northwest  of  Moss  Point ^  Jackson  County,  Miss. 

[Begun  October  3,  1904;  completed  October  12, 1904     Authority,  John  L.  Ford,  driller.] 

Feet. 

Hard  yellow  clay  (sanely)  0-  20 

Yellowsand 20-35 

Clay  (sandy,  variegat^nl ) r 35-  50 

Sand  (fine  white) 50-100 

Sand  (coarse,  white) 100-140 

Clay  (sandy) 140-210 

Sand  (fine  white) 210-220 

Clay 220-370 

Sand  (fine,  white) 370-390 

Clay 390-710 

Sand  (finegray) *. 710-790 

Clay 790 

Main  water  supply,  770  to  71K)  feet.     Yfeld,  1J^5  gallons  per  minute. 

127.    Well  at  Moherly,  Randolph  County,  Mo. 

I  Authority,  A.  P.  rhilllpM.  driller  and  manager.] 

Feet. 

Clay  and  quicksand 0-115 

Blue  sandstone 1 15-127 

Blue  an<l  white  sandstone 127-132 

Gray  sandstone 132-137 

Blue  flint 137-146 
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Feet. 

Blue  and  white  flint . 146-154 

Yellow  flint 154-160 

Yellow  sandstone 160-170 

Hard  white  sandstone 170-178 

Gray  sandstone 178-186 

Gray  sandstone  and  white  flint 186-191 

Yellow  sandstone 191-202 

Hard  white  flint t 202-210 

Y'ellow  flint 210-218 

Blue  flint 218-226 

Yellow  flint 226-230 

Blue  and  white  flint 230-250 

White  flint 250-260 

Blue  flint 260-263 

White  and  brown  flint 263-266 

Brown  flint 266-269 

White  sandstone 269-272 

Blue  sandstone 272-275 

Blue  and  white  sandstone 275-278 

White  sandstone 278-281 

Light-gray  sandstone 281-289 

Light-brown  sandstone 289-290 

Dark-brown  sandstone 290-320 

Gray  sandstone 320-345 

White  sandstone :i45-355 

White  and  yellow  sandstone 355-380 

G  ray  sandstone 380-430 

Dark-gray  sandstone 4i^-447 

Green  shale 447-450 

Dark  coarse  sandstone 450-460 

Dark-gray  sandstone : 460-470 

Gray  sandstone 470-480 

Green  shale  and  gray  saniistone 480-490 

I^ight  and  dark  samlstone 490-510 

Dark-gray  sandstone 510-520 

Black  sandstone 520-560 

Brown  sandstone , , 560-570 

Dark-gray  sandstone 570-580 

Gray  sandstone 580-590 

White  limestone 590-600 

Dark-gray  sandstone 600-607 

Green  shale 607-612 

Gray  sandstone 6l2-<)32 

White  gravel,  like  glass  sand ;  great  quantity  of  goo<l  water 632-685 

Gray  sandstone 685-693 

(ireen  sandstone 093-705 

White  and  gray  sandstone 705-709 

Gray  sandstone 709-722 

Brown  sandstone 722-772 

Light-brown  sandstone 772  -802 

Grav  sandstone K02-832 

Brown  san(lsti)ne 832-840 

Light-brown  sandstone 840-850 
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Clear  white  water  8and;  salt  water  at  ft70  feet 

Light-gray  sandstone 

Brown  sandstone 

Dark-brown  sandstone 1 

Fine  brown  sandstone 1 

Blac^k  and  brown  sandstone 1 

Light-gray  sandstone 1 

Gray  sandstone ^. 1 

White  and  gray  sandstone;  magnesia  water  at  1, 180  feet 1 

Yellow  and  white  sandstone 1 

Dark-gray  sandstone 1 

Blaok  and  white  sandstone 1 

Gray  sandstone;  very  salty  water  at  1,215  feet 1 

Blue  and  white  flint 1 

Crevice  and  pebbles 1 

Blue  and  gray  sandstone 1 

Fine  white  sandstone 1 

White  flint 1 

Blue  and  gray  sandstone 1 

Dark-gray  sandstone 1 

Gray  sandstone 1 

Yellow  and  white  sandstone 1 

Blue  sandstone 1 

Fine  white  sandstone 1 

Black  and  white  samlstone 1 

Brown  sandstone 1 

Dark-red  sandstone 1 

Light-brown  sandstone 1 

Gray  sandstone 1 

Brown  sandstone 1 

Black  and  white  sandstone 1 

Dark-gray  sandstone 1 

(iray  sandstone 2 

Gray  shale 

Main  water  supply  at  632  feet.     Water  rose  to  within  70  feet  ui  mouth  of  well. 

J!^9.  Well  on  northwest  comer  of  Vantlerenter  and  Forrest  Park  Bonlffvardy  St.  Louis,  Mo. 

[Begun  October  26,  completed  DecemU'r  7,  1904.    Authority,  E.  I).  Melov,  driller] 

Feet. 

Filled  ground 0-  20 

Soft  gray  clay 20-40 

Sand  and  gravel 40-  60 

Hani  gray  limestone  (shaly ) ;  a  little  water 60-  80 

Soft  brown  limestone 80-100 

Hani  brown  limestone 100-120 

Soft  gray  limestone;  water  140-1(10  and  185-210 120-240 

Soft  gray  shale 240-2(50 

Hani  gray  limestone 2(>0-2(i5 

Soft  gray  limestone  and  shale 2(>5-280 

Gray  limestone;  showing  of  oil  280-290  and  mV-:{25 280-4(50 

V'ery  hard  gray  limestont?  and  chert 4(30-470 

Hani  gray  limestone 470-485 

Soft  gray  shale 485-490 


Feet 

. 

850- 

870 

870- 

960 

960-1, 

020 

020-1, 

045 

045-1, 

100 

100-1, 

,115 

115-1, 

,150 

150-1, 

,170 

170-1, 

,190 

190-1, 

,200 

200-1 

,210 

210-1, 

215 

215-1, 

220 

220-1, 

,225 

225-1, 

230 

230-1 

,240 

240-1, 

,260 

260-1 

,290 

290-1 

,300 

:iOO-l, 

330 

3:^0-1 , 

,440 

440-1, 

450 

450-1, 

,460 

460-1, 

,480 

480-1, 

500 

500-1, 

,560 

560-1 

,600 

600-1, 

660 

660-1, 

,690 

(590-1, 

,7a5 

7a'>-l 

,9(55 

965-2 

,000 

000-2, 

,100 

2, 

.100 
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Feet. 

Hard  gray  limestone 490-^10 

Soft  dark-red  shale;  showing  of  oil t510-530 

Hani  gray  limestone 530-565 

Hard  gfay  limestone  and  shale;  bad  caves 565-600 

Soft  black  shale;  a  little  oil 600-620 

Soft  brown  limestone,  Trenton;  a  little  oil 620-650 

**  From  490  to  600  feet  is  probably  Kinderhook,  from  600  to  620  feet  is  probably 
Devonian  Ohio  shale." — E.  O.  Ill  rich. 
Well  yields  a  small  amount  of  gas. 

141*   Well  1\  miles  noriheagt  of  Pleamrdville,  Atlantic  CmirUy,  N.  J, 

[Begun  Jaquary  27,  1903,  completed  January  31,  1903.    Authority,  £.  £.  Lanpher,  anustant  civil 

engineer,  Atlantic  City  water  department.] 

Elevation  of  mouth  of  well,  10  feet  A.  T.  Feet. 

Yellow  sand  and  gravel 0-  18 

Gravel  mixed  with  clay 18-  23 

Soft  blue  clay 23-  29 

Yellow  sand  and  wood 29-  {i6 

White  sand;  water-bearing '. 35-  55 

Yellow  sand  and  gravel;  water-bearing 55-100 

Hard  light-gray  clay  and  gravel 100-120 

Soft  gray  sand  and  clay 120-138 

Red  and  white  sand;  water  flowe<l  over  casing  2  feet  above  ground 138-158 

Coarse  and  fine  gray  sand 158-230 

Soft  gray  sand  and  clay 230-240 

Coarse  gray  sand 240-250 

Soft  greenish-gray  marl  an<l  sand,  growing  hanler  toward  l)ottom  of  l>e<l. . .  250-310 

H a rd  gra y  cl a y 3 1 0-320 

Well  discontinued  at  320  feet  in  a  rather  soft  gray  sandy  clay,  and  casing  with- 
drawn. Kig  used,  jet.  This  was  ii  4J-inch  test  well  at  the  Al)secon  Pumping  Station 
of  the  water  department  of  Atlantic  City.  The  locaticm  is  the  same  as  that  of  the 
United  States  Meteorological  Station,  Pleasant vi He,  N.  J.  The  well  was  never 
pumjKHl.  Within  one-fourth  mile  of  this  test  well  are  eleven  10-inch  and  one 
4J-inoh  wells,  yielding  about  4,000,000  gallons  a  day  and  sunk  to  alx)ut  95  eleva- 
tion, and  one  18-inch  well  yielding  about  700,000  gallons  a  day,  sunk  to  about  190 
elevation.  All  these  wells  belong  to  the  water  department  of  Atlantic  City  and  are 
pumi)e<l  by  compressed  air. 

157.    Well  one-half  mile  irest  of  Atlantic  Highlands,  Monmouth  County^  N.  J. 

[Begun  Ortolwr  1.  IWM,  complete<i  November  1.  1904.    Authority,  F.  E.  Price,  puperintendent,  Atlan- 
tic Higlilands  Waterworlt.s.] 

Feet. 

Red  sand  and  clav 0-    8 

HUiish  sand  and  marl 8-  16 

( Jrav  sand 16-30 

Yellowish  sand  and  wood 30-  40 

Light-j;ray  sand ;  woo<i  between  137  and  157  fei^t 40-157 

Marl  (dark  gray) 157-244 

Marl  ( tine  gray  micaceous  sand ) 244-272 

Dark-gray  san.l 272-292 

Marl  {dark  gray) 292-346 
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Fwt. 

Sand  and  clay  ( white  and  greenish) 346-365 

Sandy  clay  (fine  light-gray  micaceous  sand) 365-392 

Gray  sand 392-452 

Rig  used,  jet.  Diameter  of  well,  4^  inches.  length  of  casing,  412  feet.  Strainer 
inserted  at  412  feet.  Well  flows  20  gallons  a  minute  and  yields  125  gallons  by 
pnmping. 

174'   Well  No,  i,  Group  By  Solway  Process  Company^  TSUlpf  Onondaga  County^  N.  F. 

[Produced  brine  October  30, 1890.    Authority,  Solway  Proce«w  Company.] 

Elevation  of  floor  line,  509  feet  A.  T.  (Syracuse  datum.)  Feet. 

Drift 0-      12 

Hamilton: 

Soft  gray  shale 12-    i92 

Blue  shale , 192-    252 

Bluish-gray  shale '. 252-    302 

Gray  shale 302-    352 

Soft  gray  shale :i52-    422 

Very  soft  gray  shale 422-    610 

Blue  shale 610-    680 

Onondaga  or  Comiferous  limestone (»80-    750 

Oriskany  sandstone 750-    770 

Salina  or  Ix)wer  Helderberg?: 

Blue-black  magnesian  limestone 770-    795 

Gray  gypseous  limestone 795-    885 

Blue-black  limestone 885-    895 

Salina: 

Gray  magnesian  limestone 895-1, 025 

Gray  gypseous  shale 1 ,  025-1 ,  090 

Greenish  limestone 1, 090-1, 135 

Black  gypseous  shale 1 ,  l'i5-1 ,  175 

Salt 1,175-1,493 

Shale  at  1,493. 

SOI,   Well  in  South  Lima  diMricty  Find  lay  ^  Hancock  CVwi  ?»///,  Ohio, 

[Begun  Oetolaer  10. 1904,  completed  October  23,  1904.    Authority,  J.  K.  Finnerty.] 

Feet. 

Surface  soil 0-25 

Hard  gray  limestone;  good  drinking  water  l)etw(«n  34  and  50  feet,  and 

black  sulphurous  water  l)etween  50  and  60  feet 25-165 

Dark-blue  shale 1^5-170 

Dark-blue  limestone 1 70-1 75 

Hard  gray  limestone 175-180 

Soft  gray  shale 180-185 

Hard  light-gray  and  brown  limestone •. 185-21% 

Hani  dark-gray  shale 235-245 

Hard  light-brown  limestone 245-260 

Soft  light-blue  shale 260-310 

Soft  red  shale 310-355 

Soft  blue  shale 355-540 

Hard  blue  limestone 540-560 

Hard  blue  shale 560-600 

Soft  blue  shale 600-950 
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Feet. 

Soft  brown  shale ..      950-1,040 

Soft  black  shale— hanler  last  15  feet 1,040-1,115 

Trenton  limestone 1, 115-1, 158 

Twenty-five  feet  SJ-inch  drive  pipe.  Diameter  of  well,  6 J  inches  from  25  to  1,158 
feet.  Length  of  casing,  310  feet  to  top  of  red  Medina  shale.  After  casing  was 
seated  and  found  tight,  drillers  made  from  115  to  130  feet  a  tour,  and  no  water  was 
found  until  well  was  finished  and  shot  with  100  quarts  of  glycerine.  After  the  shot 
there  was  more  salt  water  than  could  be  pumped,  so  the  well  was  plugged  and  oiwing 
pulle<l.     Well  was  drille<i  for  gas.     Small  amount  obtained. 

224.    HW/  No.  2  ml  Mrs.  L.  DimM  farm,  SW.  {  SW.  J  sec.  6,  T.  4,  R-  11  E.  (orw-fmirth 

mile  east  of  Portage)  Wootl  Countt/,  Ohio. 

[Begun  November  1,  complete<l  November  19,  1904.    Samples  furnished  by  G.  F.  Munn,  owner.] 

Feet. 

Surface  soil 0-      20 

Grav  limestone 20-    200 

Blue  shale 200-    220 

Gray  limestone , 220-    260 

Brownish  limestone  and  pyrite 260-    280 

Blue  shale 280-    340 

Dark  red  shale 340-    360 

Sample  missing 360-    380 

Blue  shale 380-    780 

Black  shale 780-    920 

Brownish  gray  limestone 920- .  940 

Reddish  shale 940-    960 

G ray  limestone 960-1 ,  040 

Black  shale;  oil  sand  at  1,102  fcK?t 1,040-1.120 

Brownish -gray  limestone  with  pyrite  at  1 ,180  feet 1 ,  120-1 ,  262 

Diameter  of  well,  S\  inches  from  0  to  .'^00  feet,  6J  inches  from  300  U)  1,2()2  feet. 
Length  of  casing,  300  feet.  Well  was  shot  with  120  quarts  of  glycerine.  Amount  of 
oil  obtained,  5  barrels  a  day.     Gas  ]>re8sure,  50  pounds. 

24!^.      Well  No.  G  on   the  L.   (\   Cirimm  fanity  ll    mile^  northeast  of  HifjUee,   (heene 

Comity f  Pa. 

[Begun  June  fi,  completed  AugUHt  If),  1904.    Authority,  J.  J.  Reed,  driller.] 

Feet. 

Pittsburg  coal 920-    927 

Big  Dunkard  sand 1, 422-1,  517 

Gas  sand 1,705-1,760 

Salt  sand 1,  770-1, 9t)0 

Big  lime 2,02(>-2, 100 

Big  Injun  sand *2, 115-2,  345 

Thirty-foot  sand 2,  745-2,  805 

Fifty-foot  sand 2,  855-2, 910 

Gordon  sand 2, 969-2, 994 

Shale 2, 994-3, 005 

Fourth  sand 3,  005-3, 076 

Yield  of  oil:  10  barrels. 
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^44.    Wdl  No.  I  on  the  John  fjeiois  farniy  Morris  Toimiship^  Greene  County,  Pa. 

[Bi^run  October  13,  completed  December  15, 1901.    Authority,  H.  A.  Reardon,  driller.] 

Feet. 

Soft  yellow  clay 0- 

Soft  black  shale 16- 

Soft  white  sandstone 180- 

Soft  black  shale 195- 

Hard  white  limestone 300- 

Soft  black  shale 400- 

Hanl  white  sandstone 650- 

Soft  black  shale 575- 

Hard  white  sandstone 600- 

Coal,  Waynesburg 635- 

Hani  white  limestone 640- 

Coal,  Mapletown 835- 


Hanl  white  limestone 


840- 


Coal,  Pittsbun? — cable  measurement 935- 

Hard  white  limestone    945-1 

Soft  red  shale 1,045-1 

Hard  white  limestone 1, 100-1 

Soft  black  shale 1,200-1 

Hard  white  sandstone — Little  Dunkard  sand 1, 335-1 

Soft  black  shale 1,350-1 

Hard  white  sandstone — Big  Dunkard  sand 1, 450-1 

Soft  white  shale 1,510,1 

Hard  white  sandstone .■ 1, 560-1 

Soft  black  shale 1,586-1 

Soft  porous  white  sandstone — Gas  sand 1, 685-1 

Soft  black  shale 1,770-1 

Hani  white  sandstone — Salt  sand 1 ,  802-1 

Soft  black  shale 1,910-2 

Hard  white  limestone— Big  lime 2, 080-2 

Hard  white  sandstone — Big  Injun 2, 135-2 

Soft  white  shale 2, 385-2 

Hard  white  sandstone— Thirty-foot  sand 2, 705-2 

Soft  black  shale 2,735-2 

Hard  white  sandstone — Fifty-foot  sand 2, 850-2 

Soft  white  shale .' 2, 900-2 

Harrl  white  sandstone — (Tonlon  sand — gas  at  2, 940 2, 930-2 

Well  productis  gas.     Diameter  of  casing,  13  inches  from  0  to  16  feet,  10  inches  from 
16  to  200  feet,  8  inches  from  200  to  1, 590  feet,  6  inches  from  1, 595  to  2, 145  feet. 


16 

180 

196 

300 

400 

550 

575 

600 

635 

640 

835 

840 

935 

945 

045 

100 

200 

335 

350 

450' 

510 

560 

585 

686 

770 

802 

910 

080 

136 

386 

705 

735 

860 

900 

930 

966 


$64'  Well  No.  11  on  the  Adams  farm  in  tlie  Grand  Valley  oil  fields  2  miles  east  of  Grand 

Valley y  Eldred  Toienship,  Warren  County ^  Pa. 

[Begun  July  25,  completed  August  11, 1900.    Authority,  Joniah  G.  Winger,  contractor.] 

Feet. 

Soft  yellow  subsoil;  conductor  hole  16  inches  in  diameter 0-22 

Soft  shale  and  sandstone  with  little  change  in  the  beds;  end  of  8-inch  hole.     22-308 

Soft  black  shale 308-550 

Soft  light-gray  sandstone;  Second  sand;  no  showing  of  oil,  no  salt  water  . . .  650-580 
Soft  blue  shale , - 680-733 
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,  Feet. 
Hard   nnlclish -brown   sand;    Third    Hand.     This  Btratum  overlies  the  oil 

Htratmn 733-740 

Hard  light-gray  sandstone;  oil  an<l  gas 740-750 

Hani  white  samlstone;  salt  water  in  small  quantity 750-775 

Soft  light-gray  sandstone;  Second  i)ay  or  Newton  sand 775-785 

Hard  black  shale ! 785-817 

This  well  compares  favorably  with  many  others  drilled  on  this  gcKxl  stretch  of 
territory.  Thickness  of  the  Thirti  Sand  varies  from  45  to  60  feet.  Wells  are  pro- 
ducing from  15  to  20  barrels  a  month  that  were  drilled  thirty-three  years  ago  and 
have  l)een  pumiHjd  steadily  ever  since.  This  lease  is  known  as  the  **Dunderdale'* 
lease.  It  ini'ludes  the  Dunderdale  farm,  Adams,  Grandon,  and  Reno  land.  A  well 
designated  in  CarPs  (leology  as  the  "Atlas'*  well  was  drilled  within  half  a  mile  of 
this  proiKjrty  in  1865  (1867?).  No  imying  wells  have  l)een  found  near  the  "Atlas," 
which  produced  15  l>arrels  a  day;  1,800  in  all. 

Diameter  of  well,  5|  inches  from  0  to  308  feet;  length  of  erasing,  308  feet. 

257.    Well  No.  '^  on  the  M.  (jartivright  faring  Newtan  Poolj  2\  milea  northeast  of  Grand 

Valley f  in  Kldred  Township^  Warren  Couniy,  Pa. 

[Completed  September  7, 1«94.    Authority,  Josiah  G.  Winger,  eontraetor.] 

Feet. 

Clay  subsoil ;  c»onductor  hole  16  inches  in  diameter 0-  12 

Shale  and  sandstone;  end  of  8-inch  hole  and  end  of  casing.     This  section 

includes  first  bed  of  shale,  fresh-water  sand,  second  bed  of  shale,  and 

salt-water  sand.     The  last  sand  in  the  8-inch  hole  is  the  Second  sand 

"gravel  bed.*'    The  gravel  bed  is  10  feet  thick  and  contains  oil  and  salt 

water 12-275 

Soft  black  shale;  a  shell  80  or  90  feet  alnjve  the  Third  sand  is  scarcely 

jierceptiblc  in  this  iield,  but  farther  southwest  is  20  feet  thick  and  oil- 

l>earing 275-404 

Hard  coarse  white  sandstone;  Third  sand.     This  sandstone  is  ti(X)detl  with 

sweet  wat^'r,  which  rose  300  feet  in  the  well 404-430 

Hard  black  shale,  separating  sweet  from  salt  water  strata 430-433 

Hard  jx^bbly  white  sandstone;  salt  water  in  large  quantities 433-447 

Medium  hard  gray  pebV)ly  sandstone — "  (Jas  sand  " 447-449 

Soft  light  gray,  coarse-graine<l  sandstone;  pay  stnitum  of  the  Third  Sand.  449-462 

I  lard  black  shale 462-477.  5 

In  this  well  the  sand  is  the  best  yet  found.  The  well  is  the  Ixjst  proilucer  in  the 
Newton  Pool.  It  i)ro(luced  in  the  first  twenty-four  hours  and  for  several  succeeding 
days  65  barrels  of  oil.  The  well  flowed  through  the  gas  \^'\\Wi  and  pumi>ed  through 
the  tubing.  When  the  well  was  a  year  old  it  was  prcxiucing  13  barrels  a  day.  It  is 
now  (December,  1904)  producing  2  barrels  a  day. 

Diameter,  5 J  inches  from  0  to  275  feet.  I^ength  of  casing,  275  feet.  Initial  pres- 
sure, 85  pounds. 

i*fi6.    Well  No.  '2  on  the  Philadelphia  tract,  Gilson  Pool,  3  miles  wext  of  Grand  Vaiiey, 

Eldred  Township,  Warren  County ,  Pa. 

[Complete*!  Febnmrv,  1891      Authority,  Josiah  (}.  Winjfer,  contractor.] 

Feet. 

Subsoil;  conductor  hole  16  inches  in  diameter 0-  18 

Hard  san<lv  shale  (liniv) 18-100 

Soft  gray  sandstone,  water  , , , , , . . , , . . .  100-135 
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Feet. 

Soft  black  ahale 135-150 

Hard  gray  sandstone;  first  stratum  of  First  sand 150-160 

Soft  black  shale 160-170 

Soft  gray  samistone;  second  stratum  of  First  sand;  saltwater  fase<l  off...  170-185 

Soft  blue  shale;  end  of  8-inch  hole  and  end  of  5i-inch  casing 185-200 

Soft  black  shale 200-223 

Hard  white  sandstone,  pebbly;  Second  sand.     This  11  feet  of  sand  overlies 
the  oil  stratum.     It  is  sei^rated  from  the  lower  stratum  by  a  layer  of 

shale  6  inches  thick 223-334 

Soft  white  sandstone,  pebbly.     This  21  feet  of  oil  sand  is  very  coarse,  full 
of  pebbles,  and  easy  to  drill.     Oil,  gas,  and  salt  water  in  this  lower 

stratum  of  the  Second  sand 33-l-.'i55 

Black  shale;  "graven)ed"  from  661  to  671  feet 355-375.5 

This  is  the  l)est  Second  sand  pool/n  this  oil  field.  The  san<l  is  very  porous.  One 
well  of  the  pool  has  a  record  of  over  6,000  l>arrels  of  oil  in  its  first  year.  The  best 
wells  found  in  the  pool  are  loi»ted  on  the  Theodore  Gilson  farm,  on  the  Spring  Creek 
and  Titusville  public  road.  The  pool  was  developed  by  Stewart  Brothers  ainl  later 
by  Tait  &  Patterson.  Yield  for  the  first  twenty-four  hours,  32  barrels  of  high- 
grade  oil. 

!?7S,    Well  No.  19 f  on  the  Sdyers  famiy  three-fourtJis  mile  sotUheasl  of  Grand  VaUejf,  Eldred 

Townshipf  Warren  County,  Pa. 

[BefiTiin  November  11;  cumpleted  November  2*2, 1904.    Authority,  Josiah  G.  Winger.] 

Feet. 

Soft  brownish  yellow  clay 0-  20 

Soft  brownish  yellow  quicksand  and  blue  clay 20-  80 

Soft  blue  clay  and  gravel 80-100 

Soft  gray  sandy  clay  and  gravel 100-120 

Hard  blue  sandstone 120-140 

Soft  variegated  sandstone;  5  feet  of  First  sand  at  155  feet 140-180 

Hard  black  shale 180-300 

Hard  gray  sandy  shale 300-315 

Soft  blue  shale 315-340 

Hani  blue  shale 340-400 

Hani  blue  sandy  shale 400-420 

Hard  gray  shale  and  sandstone 420-440 

Hard  gray  conglomerate;  Third  sand ;  oil  in  first  10  feet 440-460 

Hard  white  sandstone;  salt-water  sand 460-485 

Gray  sandstone;  gas  sand 485-490 

Soft  white  sandstone;  oil  sand,  the  lower  stratum  of  Third  sand 490-500 

Hard  shale 500-520 

The  quantity  of  salt  water  is  small,  on  account  of  the  remarkably  fine  t«xture  of 
the  salt-water  stratum.  The  sand  in  a  well  drilled  for  the  Stanton  Oil  Company  in 
1890,  only  80  feet  distant  from  this  one,  was  much  coarser  than  this,  and  the  salt 
water  was  so  plentiful  that  the  company  abandoned  the  well. 

Diameter  of  well,  8  inches  from  0  to  310  feet,  8-inch  drive  pipe  from  0  to  140  feet, 
6}-inch  casing  from  140  to  310  feet.  Before  the  6J-inch  casing  was  i)lace<l  fresh  water 
rose  to  within  60  feet  of  the  mouth  of  the  well.  Yield  of  oil  the  first  twenty-four 
hours,  12  barrels. 
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^9.    Well  No.  4  on  the  Smith  farm,  2\  miles  ermt  of  Grand  VaUey,  Eldred  Tonmship, 

Warren  Counti/,  Pa, 

[Begun  October  11;  completed  October  29, 1904.    Authority,  Jositfh  G.  Winger,  contractor.] 

Feet. 

Soft  yellow  Bubsoil 0-  17 

Soft  gray  shale 17-  60 

Gray  sandy  shale;  Mountain  sand 60-100 

Hani  gray  sandstone;  water  sand  between  160  and  220  feet 100-220 

Soft  gray  shale 220-235 

Hani  gray  and  black  sandy  shale 235-815 

Hard  gray,  fine-grained  sandstone;  the  "  Cap " 31 5-3^35 

Gray  sandstone;  oil  and  gas  in  small  (juan titles 335-355 

Light  gray  sandstone  and  shale 355-376 

Soft  gray  and  white  conglomerate 376-387 

Itray  sandy  shale j 387-420 

Gray  shale 420-460 

Soft  black  shale 460-520 

Gray  fine  sandstone;  top  of  Third  sand  at  570,  but  irregular,  here  repre- 
sented by  a  mixture  of  shale  and  dark -colored  sandstone 620-590 

Soft  gray  sandstone;  "Gas  Siind,"  inferior  quality,  no  gas  found 590-598 

Soft  light^gray  sandstone 598-605 

Soft  white  sandstone;  oil  sand.     One  gallon  of  oil  was  washed  from  the 

sediment  from  this  5  feet  of  drillings 605-610 

Soft  black  shale 610-6:^2 

The  well  stood  thirty-six  hours  before  it  was  torpedoetl,  and  had  accumulated  5 
gallons  of  oil.  Forty-five  minutos  after  torpetlo  was  exploded  oil  rose  in  the  well  to 
a  height  of  130  feet.     The  well  produced  12  barrels  of  good  oil  the  first  twenty-four 

hoUFH. 

Ill  this  pool  the  last  f>itratuni  of  the  Third  sand  is  pay,  and  is  (le«ignate<l  "Newton 
sand."  Farther  south  the  first  stratum  is  oil  lx»aring,  and  is  designated  "Grand 
Valley  sand."  In  a  few  wells,  from  3  to  6  miles  south,  pay  is  found  in  both  the 
upper  and  lower  strata  of  the  Third  sand. 

Diameter  o(  well,  8  inches  from  0  to  235  feet,  5S  inches  from  235  to  632i  feet. 
Length  of  <.'Asing,  235  feet. 

i?S4'    Wdl  No.  ^5  on  the  Stunjeafarm,  4  fnilcs  muih  of  Grand  VaUetf,  soiUhweat  lovuship^ 

Wnrrcn  County,  Pa. 

[Begun  ()(;tober  3:  complotcd  October  11,  IIKM.    .\uthority,  P.  B.  McCool,  driller.] 

Feet. 

Soil;  shell  at  32  feet 0-  40 

Soft  shale;  soft  water  at  55  fei^t;  shell  60-80  (sandstone  100-120) 40-240 

Hard  gray  sandstone ;  Mountain  sand 24(V-280 

Gray  shale  and  shells 280-440 

Grav  sand  shells;  first  oil  at  460 440-500 

(iray  sandstone;  First  sand 500-545 

Soft  gray  shale,  shelly  from  620  to  690 545-690 

Gray  sand  shells;  Second  sand 690-753 

Hard  gray  sandstone;  Third  sand 753-774 

Sr)ftgray  shale 774-789 

Diameter  «»f  well,  8}  inches  from  0  to  285  feet;  5f  inches  from  285  to  789  feet; 
length  of  casing,  285  feet;  amount  of  oil  obtained,  5  barrels  a  day. 
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285,    Weil  No,  7  on  the  Si>eer  fieirs/nrnij  IJ  miles  north  of  Thomm,  Washlngtim  Coiinti/y  Pa, 
[Begun  October  20;  completed  December  20,  1904.    Authority,  James  Lyle,  contractor.] 

Feet. 

Soil 0-       20 

Hard  gray  limestone 100-    150 

Hard  gray  limestone,  shaly 160-    200 

Soft  dark-gray  shale 200-    250 

Soft  light-gray  shale 250-    330 

Pittabui^  coal 330-    a36 

Hard  gray  limestone 336-    380 

Hard  gray  shale 380-    450 

Soft  red  shale 450-    500 

Soft  gray  shale 500-    550 

Soft  red  shale 550-    600 

Soft  greenish  shale 600-    750 

Hard  gray  sandy  shale  with  some  lime 750-    800 

Soft  blue  sandy  limestone 800-    850 

Hard  light-gray  sandstone 850-    900 

Soft  light-gray  sandstone 900-    950 

Soft  dark-gray  shale 950-1 ,  000 

Dark-gray  shale,  sandy 1, 000-1 ,  082 

Coal;  freshwater 1,082-1,087 

Soft  light-gray  sandy  shale 1 ,  087-1 ,  200 

Soft  light^ray  sandstone 1 ,  200-1 ,  250 

Soft  white  sandstone;  gas  at  1,285  feet 1, 250-1, 325 

Soft  dark-gray  shale 1 ,  325-1 ,  400 

Hard  gray  sandstone 1 ,  400-1, 500 

Hard  light-gray  sandstone 1, 500-1, 710 

Soft  gray  shale 1,710-1,930 

Hard  gray  shale 1, 930-1, 990 

Hard  gray  shaly  sandstone 1, 990-2, 050 

Light-gray  sandstone 2, 050-2, 100 

Soft  light-gray  sandy  shale 2,100-2,180 

Soft  light-gray  sandstone , 2, 180-2, 243 

Blue  shale  and  white  sandstone 2, 243-2, 246 

Hard  gray  sandstone;  oil  sand;  steel-line  measurement 2, 246-2, 252 

Soft  gray  sandstone;  pay,  oil  and  a  little  water 2, 252-2, 255 

Hard  white  sandstone 3, 255-2, 275 

Diameter  of  well,  13  inches  from  0  to  340  feet,  10  inches  from  340  to  696  feet,  8 
inches  from  696  to  1,547  feet,  6i  inches  from  1,547  to  2,275  feet.  Yield,  15  barrels 
a  day. 

sol.    Weil  i\  miles  west  of  Houston^  Harris  County,  Tex. 

[Begun  December.  1908;  completed  February,  1904.    Authority,  J.  Crummy,  civil  engineer,  Hounton 

Water  Company.] 

Feet. 

Reddish  sand 0-30 

Soft  gray  clay 30-44 

Soft  red  sand  and  rock 44-  74 

Hard  red  clay 74-  89 

Sand  and  gravel 89-  93 

Hard  whiteclay 93-137 

Red  sand 137-210 

BulL  264—05 7 
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Feet. 

Red  clay  and  gravel;  hard  drilling 210-  290 

Whitish  sand  and  gravel;  hard  drilling 290-  316 

Reddish  clay  and  gravel;  hard  drilling 316-  356 

Red  sand;  hard  drilling 356-  393 

White  clay  and  gravel 393-  456 

Light-gray  sand 456-  496 

Clay  and  gravel 496-  514 

Light-gray  sand 514-  *  526 

Gravel 526-  532 

Whitish  clay 532-  570 

Very  hard  rock 570-  571 

White  sand  and  gravel 571-  585 

Reddishclay 585-  600 

Porous  rock 600-  602 

Whiteclay 602-  608 

Sand  and  gravel 608-  618 

Clay 618-  658 

White  gravel  and  clay 658-  668 

Sand 668-  678 

Porous  whitish  clay  and  rock 678-  687 

White  sand 687-  705 

Clay  and  gravel;  hard  drilling 705-  745 

W  hitish  sand 745-  756 

Whiteclay 756-  772 

Sand 772-  810 

Clay 810-  815 

Sand 815-  835 

White  clay 835-  895 

White  sand 895-  940 

Reddish  clay  940-1, 134 

Hard  rock 1, 134-1, 137 


Light-gray  sand 1, 

Clay 1, 

Whitish  sand 1, 

Hani  rock I, 

Clay I 

Sand I 

Clav 1 

W hite  sand  and  pmvel 1 

Haid  clay  and  rock 1, 

Hard  rock;  gas .  Ij 

Clay 1 

Sand 1 

Red  clay  1 . 

Diameter  of  well,  8  inches  from  0  to  779  feet,  6  inches  from  479  to  1,219  feet,  and 
4  inches  from  1,219  to  1,225  feet. 

The  Houston  Water  Company  has  3  wells  in  stratum  l)etween  137  and  200  feet,  6 
teween  290  and  316,  5  l)etween  456  and  496,  2  between  571  and  585,  1  ])etween  602 
and  618,  5  l>etween  687  and  705.  6  between  772  and  810,  4  between  895  and  940,  4 
between  1,137  and  1,139,  an<l  3  l>etween  1,236  and  1,314  feet.  All  the  wells  are 
located  within  half  a  mile  radius.  They  have  a  closed  pressure  at  the  surface  of  from 
1  to  18  pounds  and  flow  from  1,000  to  8,000  gallons  a  day  each. 


137-1, 179 
179-1,236 
236-1,314 
314-1,315 
315-1,354 
354-1,368 
368-1,430 
430-1, 470 
470-1,600 
600-1,605 
605-1 ,  895 
895-1,907 
907-2, 025 


Lwra]  DETAILED   RECORDS.  99 

SOS,    Well  No.  1  ow  the  L,  W.  Long  farm,  Humble  (17  miles  iwrih  of  HmisUm)^  Harris 

Courtty^  Tex, 

{Be^u  September  17,  fx>mpleted  December  22, 1904.    Authority,  P.  M.  Iranberry,  owner.] 

Feet 

Soft  gray  sand 30-  40 

Hard  gray  clay 40-00 

Hard  bluish  sand 60-215 

Hard  gray  sand  and  clay 216-310 

Haid  blue  sand  and  clay 310-400 

Goorae  gray  sand 400-470 

Fine  gray  sand 470-495 

Hard  blue  clay 495-508 

Hard  blue  sand  and  clay  mixed 508--572 

Hard  blue  clay 572-045 

Hard  blue  sand  and  clay  in  alternate  layers 645-710 

Hard  blue  shale 710-950 

Mixed  rock  and  sand  (limy) 950-990 

Marsh  gas  between  215  and  508  feet.  Considerable  gas  between  645  and  670  feet 
and  a  little  between  670  and  790  feet  Some  oil  and  much  gas  l)etween  790  and  950 
feet.  Oil  between  951  and  990  feet.  Yield,  100  barrels  first  twenty-four  hours; 
gravity,  28**  Baum. 

Diameter  of  well,  11 1  inches  from  0  to  310  feet,  6  inches  from  310  to  950  feet. 
Strainer  inserted  at  951  feet. 

S18.   Well  No.  1  on  the  ().  Simmons  farm,  three-fourtJis  mile  southwest  of  forks  of  Little 

Sandy,  Elk  Township,  Kanawha  C^ounty,  W.  Va. 

[Bef^n  September  24,  completed  November  24, 1901.    Authority,  J.  O.  Weiler,  driller.] 

Feet. 

Surface  soil 0-22 

Sand  (^ sandy  clay  or  aliale) 22-  40 

Shale 40-  60 

Sandstone;  fresh  water  rose  to  witliin  20  feet  of  Kurface 60-  70 

Soft  red  shale 70-76 

Soft  gray  sandstone 76-124 

Hard  white  shale  (greenish) 124-155 

light-gray  sandstone;  fresh  water  rose  to  within  10  feet  of  the  surface 155-170 

Hard  light-gray  shale 170-178 

Hard  light-gray  limestone  (sandstone) 178-184 

Hard  light-gray  sandstone 184-227 

Hard  gray  shale 227-233 

Hard  light-gray  sandstone 233-300 

Hard  light-gray  shale 300-306 

Hard  white  sandstone 306-318 

Black  shale,  shelly 318-410 

Coal 41(M12 

Black  shale,  shelly;  water  cased  off  at  425  feet 412-452 

Hard  white  sandstone 452-547 

Black  shale,  shelly 547-685 

Hard  white  sandstone 685-730 

Black  shale,  shelly 730-740 

Hard  white  sandstone 740-790 

Black  shale,  shelly 790-857 
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*  Feci. 
Hard  white  sandstone;  top  of  Salt  Sand;  gas  between  928  and  935;  esti- 
mated yield  500,000  feet  in  twenty-four  hours 857-    935 

Soft  white  sandstone;  salt  water;  steel  line  measurement 935-    942 

Soft  white  sandstone;  hole  filled  with  flowing  water 942-    965 

Hard  white  sandstone 965-    990 

Hard  white  sandstone  (brown) ;  well  stopped  flowing 990-1, 010 

143 
145 
195 
210 
329 
345 
365 
402 
405 
510 
554 
615 
700 


Hard  gray  and  brown  sandstone I,  OlO-l 

Hard  black  shale 1,143-1 

Hard  white  sandstone 1, 145-1 

Hard  dark-gray  limestone;  Bastard 1, 195-1 

Hard  white  sandstone 1 1, 210-1 

Soft  white  shale  (blue) 1,329-1 

Hard  white  sandstone;  Maxton  and  Cairo  oil  sand 1, 345-1 

Hard  white  sandstone;  bottom  of  Salt  sand 1, 365-1 

Black  shale,  shelly;  pencil  slate 1, 402-1 

Hard  gray  limestone,  "Biglime" 1, 405-1 

Hard  gray  limestone;  should  be  Keener  sand,  was  hard  and  limy 1, 510-1 

Soft  gray  sandstone,  **  Big  Injun  sand  " 1, 554-1 

Black  shale,  shelly 1, 615-1 

The  gas  in  the  Salt  sand  was  drowned  out  by  salt  water  at  1,010  feet.  Well  dry, 
casing  pulled. 

There  was  no  distinction  between  Keener  and  Big  Injun  sands  as  there  should  be. 
Shale  brake  between  Keener  and  Big  Injun  sand. 

Diameter  of  casing  10  inches  from  0  to  40  feet,  8  inches  from  40  to  425  feet,  6| 
inches  from  425  to  1,345  feet. 

320,  F.  I).  Haivlnns  No.  i,  HarrisriUe,  Ritchie  County,  W,  Va. 

[Authority,  W.  F.  Graham.] 

Feel. 

Limestone 190-202 

Coal  and  shale 202-208 

Limestone  and  pyrite 208-220 

Gritty  limestone 220-250 

Reil  limestone  (brown  shale) 258-266 

Gray  limestone 266-274 

Gray  shale 274-290 

Shale,  coal  and  pyrite 290-298 

G  ray  sandstone 298-306 

Limestone  (sandstone) 306-314 

Gray  shale 314-322 

Limestone  ( limestone  and  shale) 322-351 

Gray  windstone 351-358 

Limestone  (sandstone) 358-365 

Sandstone 365-384 

Bedrock,  ''Little  Keil" 384-408 

Limestone  ( shale ) 408-422 

Shale 422^46 

Gritty  limestone  (gray  sandstone,  limy) 446-467 

Shale 467-482 

Limestone  (shale) 482-489 

Shale 489-497 

Limestone  (sandstone  and  shale) 497-608 

lied  rock,  "Big  Red ^* 608-664 
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Feet. 


Sandstone;  pyrite , . .  ^r:^ 604- 

Umeetone  (gray  sandy  shale,  limy) \S^\i. 670- 

Shale •':.'/.. 781- 

Limeetone;  pyrite  between  813  and  821  (shale  between  821  and  852^ . . .  805- 

Shale •  852- 

Limestone  (shale) :  :  "  ^7- 

Shale  and  pyrite '  B7^^ 

Limestone  (shale) 879-' 

Shale 885- 

Limestone  (shale) 892- 

Shale 916- 

Limestone  (shale) 930- 

Sandstone  (red  shale) 986- 


Shale 992-1 

Limestone  (shale ) 1 ,  006-1 

Shale l,0ia-l 

Limestone  (shale) 1,032-1 

Sandstone;  Dunkard  San<l 1 ,  045-1 

Shale  (coal  at  1,219) 1,155-1 

Sandstone 1,219-1 

Shale 1,225-1 

Sandstone;  Second  Cow  Run  sand 1, 241-1 

Coal 1,285-1 

Sandstone 1,300-1 

Shale 1,312-1 

Sandstone 1,328-1 

Shale 1,340-1 

Limestone  (shale) 1, 348-1 

Shale 1,354-1 

Limestone  (shale) 1, 378-1 

Shale;  shells  from  1,408  to  1,414  feet 1,385-1 

Sandstone;  Gas  sand 1, 438-1 

Shale 1,463-1 

Sandstone;  Salt  sand 1, 575-1 

Shale 1,614-1 

Shells;  Maxton 1,662-1 

Limestone 1,669-1 

Shale;  Cairo 1,696-1 

Limestone,  **Big  lime;*'  top  of  Keener  at  1,752  feet,  very  small  show- 
ing of  gas.     Very  small  showing  of  light  yellow  oil  between  1,782  and 

1,788  feet.     Steel  line  measurements  at  1,762  and  1,770  feet 1, 699-1, 807 

Sandstone  and  shale;  brake 1, 807-1, 813 

Sandstone,  **Big  Injun;**  pay,  gas  and  oil,  1,856-1,862  feet.    Steel  line 

measurement  taken  at  1 ,868  feet 1, 813-1, 873 

Shale , 1,873-1,875 

Shot  with  10  quarts  of  glycerine  and  produced  12  barrels  flowing. 

Dr.  George  IL  Ashley  made  the  following  report  to  Mr.  VV.  F.  Graham  regarding 
the  geologicral  formations  encountered  in  this  well: 

''The  well  appears  to  have  started  at  about  the  horizon  of  the  Washington  coal. 
The  coal  noteil  at  298  feet  is  about  at  the  horizon  of  the  Uniontown.  The  sand- 
stone at  467  feet  may  be  the  Sewickley  sandstone.  The  horizon  of  the  Pittsburg 
coal  probably  comes  at  a  depth  of  between  500  and  550  feet.  The  sandstone 
between  1,045  an<l  1,155  f(H*t  is  pn>l)ably  the  Mahoning  or  'Cow  Run*  sandstone. 


670 
781 
805 
852 
867 
873 
«79 
•866 
392 
916 
930 
986 
992 
,006 
,018 
,032 
,045 
,155 
,219 
,225 
,241 
,285 
,300 
,312 
,328 
,340 
,348 
,354 
,378 
,385 
,438 
,463 
,575 
,614 
,662 
,669 
,696 
,699 
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The  coal  at  1,219  may  be  the»l5ower"JV©eport  or  one  of  the  Kittanning  coalH.  The 
coal  at  1,300  may  be  the  £di^er  4Cittanniiig  or  Clarion  coal.  Sandstone  and  shale 
from  1,438  to  1,496  ifi  «pj|^W^ly  Pottsville,  including  the  Rait  sand  at  the  horizon 
assigned  by  Mr.  Gr^hftm.  *  The  lower  part  of  the  section  has  probably  been  cor- 
rectly referred  hy  Mr. •Graham,  unless  it  be  in  the  case  of  the  Keener  sand,  which 
he  has  coji^ilfcte^Vith  the  Siliceous  limestone  at  1,752  feet  The  existence  of  a  con- 
siderabfo  'tftjietness  of  limestone  below  would  indicate  that  this  occurs  in  the  Big 
Liit€t  (JjirVenbrier  limestone) ,  and  that  the  Keener  occurs  in  the  upper  part  of  the 
-  •TKg'IViJun  immediately  l)elow  1,807  feet/' 


*•  S!?3.   Well  No.  1  <m  the  J,  Murphy  f(irm^  S  miles  east  of  Hundred^  Wetzel  County,  W.  Va, 

[Bogiin  July  25,  completed  September  24, 1904.    Authority,  E.  J.  Akins,  driller.] 

Feet. 

Alluvium 0-      13 

Hard  limestone 13-      40 

Soft  shale 40-      60 

Limestone  and  shale;  200  barraln  a  day  of  fresh  water,  slightly  sulphur- 
ous, caseoff  at  116  feet 60-    362 

Coal 352-    365 

Shale  and  soft  limestone 356-    426 

Coarse  white  sandstone 426-    446 

Soft  black  shale 446-    480 

Coarse  white  sandstone 480-    600 

Fairview  or  Waynesburg  coal 600-    606 

Coarse  white  sandstone.    These  layern  of  sandstone  are  soft  but  wear 

the  bit  out  of  gage 606-    580 

Hard  limestone;  does  not  wear  the  bits 680-    640 

Harder  limestone;  l>reak8  heads  of  bits 640-    740 

Coal;  MapletA>wn 740-    745 

Hard  limestone 745-    750 

Shale 750-    790 

Hani  limestone 790-    825 

Soft  chalky  limesUme 825-    844 

Coal;  Pittsburg 844-    852 

Limestone  and  shale 852-    870 

Gritty  limestone 870-    890 

Lime  shells  and  shale 890-    960 

Soft  pink  rock 960-    980 

Red  and  white  cave  rock 980-1 ,  284 

275 
312 
348 
400 
475 
480 
610 
650 
890 
980 


Sandstone;  Little  Dunkard  sand 1, 234-1 

Soft  shale 1 ,  275-1 

Sandstone;  Big  Dunkard  sand 1 ,  312-1 

Shoft  shale 1,  348-1 

Sandstone;  Lower  Dunkard  sand 1 , 4(X>-1 

Coal  (black  shale)  1, 475-1 

Sandstone;  "Gas*'  sand 1,480-1 

Shale 1, 610-1 

Sandstone;  Salt  sand,  dry  in  this  well 1, 650-1 

Shale 1,  890-1 

Sandstone;  Maxton  sand,  generally  callexl  "Little  lime."  This  sand 
produces  paying  oil  wells  of  100  barrels  a  day  within  1  mile  of  this 
well.     Tliis  well  yields  about  250,000  feet  of  gas  a  day  from  the  jMiy 

l>etween  1,995  and  2,005  feet 1, 980-2, 030 

Shale  and  lime  shells 2,  (K{0-2, 044 
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Feet. 

Limestone;  Big  lime 2,  (H4-2, 145 

Sandstone;  Big  Injun  sand;  some  gas  between  2,145  and  2,155  feet. 

The  well  will  yield  about  200,000  feet  a  day  from  this  pay 2, 145-2, 343 

Shale  with  limestone  and  sand  shells 2, 343-2, 900 

Sandstone;  Fifty-foot  sand 2, 900-2, 970 

Shale 2,970-2,988 

Sandstone;  Gordon  Stray  sand 2, 988-3, 008 

Shale;  brake 3, 008-3, 009 

Sandstone;  Gonlon  sand;  a  little  gas,  about  50,000  feet  a  day,  be- 
tween 3,000  and  3,020  feet 3, 009-3, 040 

Shale 3,040-3,055 

Sandstone;  Fourth  sand;  this  is  the  sand  the  well  was  drilled  for.     A 
well  flowed  50  barrels  an  hour  1,000  feet  from  this  well.     This  one, 

however,  is  dry 3, 055-3, 075 

Shale  and  shells 3, 075-3, 100 

Shale 3,100-3,236.5 

The  Fourth  sand  formation  and  also  the  Bayard  Sand  wert»  missing  in  this  well. 
Diameter  of  casing  10  inches  from  0  to  115  feet,  8  inches  from  115  to  1,234  feet, 
6  inches  from  1,2:U  to  2,132  feet 


INDEX. 


Page. 
Accuracy  In  well  records.  Importance 

of 12-20 

Address  of  drillers  and  well  owners ; 

methods  of  obtaining.  28-29 

Alabama,  well  drilling  In 42-43 

Albany,  Ind.,  well  near,  record  of 82 

Alluvium,  definition  of 34 

Arkansas,  well  drilling  In 42-48 

Atlantic  Highlands,  N.  J.,  well  near, 

record  of 00-01 

Bay    St.    I«ouls,    Miss.,    well    near, 

record  of 87 

BeWldere,  111.,  well  at,  record  of 80 

Burlington,  Iowa,  well  at,  record  of-         83 

California,  well  drilling  In 42-43 

well  records  In 78-79 

Casing,  use  of,  value  of  records  In 
determining     necessity 

for 16 

Cave  rock,  occurrence  of,  value  of 
records  In  determina- 
tion of 10 

Chalk,  definition  of 34 

Chanute,  Kans..  well  near,  record  of_  86-87 
Cherokee,  Iowa,  well  near,  record  of-  82-83 

Clay,  definition  of 34 

Clippings,  manner  of  filing 29 

Colorado,  well  drilling  In 44-46 

well  record  In 79 

Concretions,  definition  of 34 

Conglomerate,  definition  of 34 

Connecticut,  well  drilling  In 44-45 

Contractors.     See  Drillers. 
Cooperation    with    State    geologists. 

discussion  of 38 

Darton,  N.  11.,  work  of 24 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 
Washington^  D,  C,  Noveinhcr  18^  J 904. 
Sir  :  I  transmit  herewith  the  manuscript  of  a  report  on  the  geology 
of  the  Boulder  district,  Colorado,  by  N.  M.  Fenueman,  and  recommend 
its  publication  as  a  bulletin.  The  report  has  grown  out  of  a  study  of 
the  Boulder  oil  field,  begun  by  Doctor  Fenneman  in  1902,  when  this 
field  first  caine  into  prominence.  Two  preliminary  reports,  giving 
the  more  important  facts  of  economic  interest  l>earing  on  the  oil 
field,  together  with  records  of  drilling  and  production,  have  been 
published  in  Bulletins  213  and  225,  Contributions  to  Economic 
Geology,  1902  and  1908.  The  present  report  covers  the  general 
geology  of  the  district,  its  physiography,  stratigraphy,  and  struc- 
ture, as  well  as  its  economic  mineral  resources,  including  water,  stone, 
clay,  coal,  oil,  and  gas.  It  is  a  model  discussion  of  a  small  but 
exceptionally  interesting  district,  and  will  prove  of  l)oth  economic 
and  scientific  value. 

Very  respectfully, 

C.  W.  Hayes, 
Geologitit  in  Charge  of  Geology. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Surrey. 
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GEOLOGY  OF  THE  BOULDER  DISTRICT,  COLORADO. 


By  N.  M.  Fenneman. 


TKTRODUCTION. 

The  area  described  in  this  report  is  a  rectangle  16  miles  north  and 
south  by  9  miles  east  and  west.  The  city  of  Boulder  is  situated 
southwest  of  its  center.  The  immediate?  occasion  of  the  survey  was 
the  finding  of  petroleum,  supposedly  in  paying  quantities.  The 
chief  exploitation  for  oil  has  been  near  the  center  of  the  area,  from 
2  to  4  miles  northeast  of  Boulder. 

The  study  was  extended  southward  beyond  the  village  of  Marshall, 
where  the  struc^ture  is  more  apparent  than  it  is  farther  north.  The 
northern  limit  of  the  area  mapped  was  determined  largely  by  the 
broad  elevation  known  as  "  Table  Mesa,"  whose  mantle  of  gravel 
conceals  all  the  older  strata  for  several  miles,  and  which  has  not 
been  pierced  by  the  drill.  It  w^as  found  necessary  to  extend  the 
work  to  till*  north  side  of  this  mesa,  where  there  are  exposures  that 
furnish  essential  data  for  the  structural  problems.  The  work  was 
carried  east  far  enough  to  include  the  excellent  exposures  of  tlie 
''  White  Rocks  "  at  the  south  end  of  Gunbarrel  Hill ;  it  w^as  extended 
west  l>»vond  the  stratified-rock  foothills,  which  contain  the  chief 
evidences  of  the  structure. 

It  was  necessary  to  make  a  careful  study  of  areas  at  considerable 
distances  from  the  oil  wells,  because  the  wells  are  located  in  the 
broad  central  portion  of  the  district  on  the  outcrop  of  the  Pierre 
shales,  which  are  in  general  so  nonresistant  and  homogeneous  that 
exposures  of  solid  rock  are  extremely  rare.  Here  and  there  in  the 
fields,  or  cm  the  side  of  an  irrigating  ditch,  the  presence  of  a  thin 
harder  bed  may  be  indicated  by  a  few  rock  fragments  and  a  sandier 
soil,  but  generally  the  l)ed  is  not  strong  enough  to  cause  even  a  small 
ridge,  although  a  little  excavation  may  sometimes  reveal  its  position. 
Such  indications  and  the  inferences  from  the  comparison  of  hot  very 
satisfactory  well  records  are  the  onlv  direct  means  by  which  the 
structure  in  the  immediate  vicinity  of  the  oil  wells  can  be  determined. 

It  is  otherwise  on  the  borders  of  the  area.  On  the  west  are  fine 
exposures  of  the  firm  rocks  of  the  foothills.     On  the  south,  in  the 

9 


10  GEOLOGY    OP    THE    BOULDER   DISTRICT,  COLORADO.     [bitlu265. 

Marshall  coal  field,  are  the  eroded  folds  and  scarps  of  the  Laramie 
sandstone.  On  the  east  the  Fox  Hills  and  Laramie  sandstones  offer 
good  exposures.  At  the  north  end  Haystack  Mountain,  the  only 
remnant  of  a  terrace  higher  than  Table  Mesa,  affords  an  excellent 
opportunity  to  study  the  Pierre  shales.  At  this  end  of  the  field 
even  the  Pierre  contains  one  or  more  sandstone  strata,  which  outcrop 
in  definite  ridges.  The  structure  of  these  surrounding  districts 
affords  a  good  basis  from  which  to  infer  the  probable  deformations 
of  the  strata  in  the  oil  territory.  It  is  evident  that  the  structural 
features  so  clearly  revealed  in  the  foothill  belt  correspond  to  those  of 
the  oil  field.  Although  the  structural  features  of  the  shales  of  the 
oil  field  can  be  made  out  only  by  wearisome  search,  their  correlatives 
in  the  foothills  are  open  to  the  light  of  day.  The  practical  signifi- 
cance of  this  relation  will  be  evident  to  any  who  may  be  prospecting 
for  similar  deposits  of  oil  along  the  front  of  the  range. 

The  district  here  described  was  studied  by  the  Hayden  Survey,  and 
its  general  features  are  discussed  in  the  reports  of  that  organization 
published  in  1869  and  1872.  The  portion  of  the  district  south  of 
Fourmile  Canyon  is  included  in  the  Denver  basin,  which  is  discussed 
in  Monograph  XXVII  of  the  United  States  Geological  Survey  by 
Emmons,  Eldridge,  and  Cross.  The  southern  limit  of  the  area 
mappt^d  by  the  Fortieth  Parallel  Survey  is  a  few  miles  north  of  this 
district,  but  the  description  of  the  major  features  of  the,  stratigraphy 
of  the  east  slope  of  the  Front  Range  as  given  in  the  report  of  that 
organization  is  applicable  to  this  field. 

ACKNOWLEDGMENTS. 

The  preparation  of  the  map  accompanying  this  report  was  made 
possible  by  the  excellent  base  map  ])repared  by  Mr.  Hugh  F.  Watts, 
of  Boulder,  a  large  })art  of  the  geological  field  work  having  been 
done  before  the  ])ublication  of  the  survey  atlas  sheets.  Mr.  Watts 
had  also  made  a  geologic  map  of  a  part  of  the  region,  a  generalized 
reproduction  of  which  is  given  in  this  paper  as  fig.  2  (p.  87).  His 
careful  observations  were  useful  at  various  places,  and  a  few  of  them 
are  given  spe(;ific  mention  in  footnotes.  Judge  Junius  Henderson  has 
systematically  collected  fossils  from  the  district  and  his  cooperation 
was  found  valual)le.  At  the  present  stage  of  the  study,  however,  it 
was  not  deemed  advisable  to  attempt  a  systenmtic  treatment  of  fos- 
sils. Mr.  William  K.  Kathvon,  who  has  handled  for  the  United  Oil 
(x)mpany  jn-actically  the  entire  productOf  the  oil  field,  has  gener- 
ously furnished  exact  data  regarding  shipments,  and  has  given  nuich 
general  information  (concerning  the  industrial  phases  of  the  subject. 
The  plates  us(»d  are  from  photographs  by  Prof.  J.  K.  Brackett.  Over 
half  of  them  were  taken  expressly  for  this  publication.     Prof.  R.  D. 
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George,  of  the  University  of  Colorado,  has  been  consulted  on  various 
questions;  at  the  request  of  the  writer  he  has  studied  several  points 
in  the  field,  and  his  conclusions  have  been  received  with  much  confi- 
dence. He  has  read  the  entire  manuscript  and  his  suggestions  have 
been  most  helpful.  The  manuscript  was  subsc»quently  submitted  to 
Mr.  (ireorge  II.  Eldridge,  a  student  of  oil  fields,  and  one  of  the  authors 
of  the  monograph  on  the  Denver  basin,  who  is  familiar  with  much 
of  the  area  and  many  of  the  features  here  descTil)ed.  Mr.  Eldridge's 
criticisms  were  found  especially  jx^rtinent,  and  on  his  suggestion  cer- 
tain changes  were  made. 

PHYSIOGRAPHY. 

The  area  may  l)e  divided  into  three  north-south  strips.  A  narrow 
margin  on  the  west  belongs  to  the  rough  and  dissected  granite  plateau, 
conmionly  considered  a  part  of  the  Front  Bange  of  the  Rocky  Moun- 
tains. East  of  this  is  the  narrow  foothill  belt,  in  which  a  descent  of 
more  than  1,000  feet  is  made  to  the  plains,  which  fonn  the  eastern 
two-thirds  of  the  area. 

TOPOGRAPHY  OF  THE  AREA  OF  CRYSTALLINE  ROCKS. 

In  a  broad  sense  the  name  Front  Range  includes  all  of  the  Archean 
strij)  west  of  the  Great  Plains  and  the  foothill  belt.  If  this  part' 
of  the  range  is  looked  at  in  more  detail,  there  is  seen  near  the  middle 
of  the  strip  a  definite  north-south  ridge,  having  its  crest  about  18 
miles  west  of  the  upturned  strata  of  the  foothills.  West  of  Boulder 
this  ridge  reaches  an  elevation  of  from  12,000  to  14,000  feet,  and 
has  an  average  slope  of  from  500  to  1,000  feet  in  a  mi.le.  At  approxi- 
mately the  0,000-foot  contour  the  sloj>e  changes.  On  the  west  is  a 
relatively  abrupt  ridge,  and  on  the  east  a  much  dissected  plateau 
reaching  to  the  foothills.     (See  PI.  Ill,  /?,  opposite  p.  12.) 

The  lK*lt  between  the  restricted  mountain  ridge  on  the  west  and  the 
foothills  on  the  east  is  10  to  12  miles  wide.  Its  generalized  eastward 
slope  is  about  250  feet  i)er  mile,  or  from  one-fourth  to  one-half  that 
of  the  range  pro|XM*.  This  strip  is  cut  by  narrow  valleys  to  a  depth 
of  over  1,000  feet.  The  intei'stream  areas  are  generally  steep  and 
narrow^  hills  without  flat  toi)s,  though  some  ridges  continue  for 
several  miles  with  approximately  level  and  unbroken  crests.  From 
any  high  point  almost  all  the  summits  appear  to  lx»  in  the  same  plane. 
The  range  proj)er  on  the  west  and  isolated  lumps  on  the  plateau  rise 
with  conspicuous  abruptness,  Sugarloaf  Mountain,  the  top  of  which 
is  1,000  fe<4  above  the  general  level,  being  a  prominent  example. 
The  topography  at  once  suggests  an  imperfectly  base-leveled  sur- 
face that  has  been  deeply  cut  by  streams  whose  erosive  power  has 
l>een  increased  by  recent  elevation. 
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FOOTHILLS. 
MONOCLINAL   RIDGES. 

• 

East  of  the  granite  are  the  red  sandstones  of  the  Fountain  and 

I  Lyons  formations,  which  have  an 
average  dip  of  more  than  50^  and 
form  a  ridge  rising  1,000  feet  above 
the  plains.  The  sandstones  have 
apparently  resisted  weathering  bet- 
ter than  the  crystalline  rock,  as 
streams  from  the  w^est  which  have 
cut  only  narrow  canyons  through 
the  sandstone  ridge  generally  re- 
ceive tributaries  that  flow  in  north- 
south  valleys  in  the  granite  just 
west  of  the  contact.  At  places  (as 
at  South  Boulder  Peak)  the  ridge 
risers  to  several  times  its  average 
height,  and  towers  high  above  the 
plateau  to  the  west. 

To  these  red  sandstones,  from 
500  to  1,500  feet  thick,  is  due  a 
large  part  of  the  splendid  scenery 
tc  u  of  this  except ionallv  fine  stretch  of 
foothills.  At  some  places  the  ridge 
has  an  even  crest  and  resembles  a 
wall,  while  at  other  places  its  crags 
run  upward  in  a  long  line  of  spires. 
(See  PI.  Ill,  .1.)  The  bare  red 
front  of  a  single  crag  has  sonie- 
times  an  area  of  several  acres.  The 
outcrop  here  described  may  have 
one,  two,  or  ev-en  three  distinct 
crests.  Thev  are  the  westerlv  mem- 
hers  of  a  series  of  monodinal  ridges 
known  as  '"  the  focthills."  Alter- 
nations of  strong  and  weak  strata, 
upturned  at  steep  angles,  offer  the 
necessary  conditions  for  the  carv- 
ing of  these  ridges  and  valleys. 

The  ridge-making  outcrops,  taken 
in  order  from  west  to  east,  are  com- 
posed of  the  Fountain,  the  Dakota, 
and  the  Niobrara  formations,  the 
last  named  appearing  as  a  promi- 
rjent  r/r/o-c  only  in   thv  Jiorthern  part  ot  the  aviivi.    T\ve  order  of 
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size  is  the  same  as  that  here  given,  the  height  decreasincr  from  west  to 
east. 

The  Dakota  ''  hogback  "  is  second  in  prominence  to  tlie  Fountain 
crags.  It  is  absent  Ijetween  Sunshine  and  Pole"  canyons,  but  else- 
where it  rist»s  steeply  to  heights  of  from  100  to  500  feet.  The  light- 
gray  color  of  its  sandstones  is  frequently  in  strong  contrast  with  the 
red  of  the  rocks  farther  west.  Its  crest  is  commonly  covered  with 
pines. 

LONOIXrDIXAL   VALLEYS. 

Between  the  red -rock  ridge  and  the  Dakota  the  weaker  rocks  of 
the  Lvkins  and  Morrison  have  l>een  cut  out  in  a  vallev  from  one- 
fourth  to  one-half  mile  wide.  (See  fig.  1;  also  PI.  IV,  .1.)  The 
brilliant  color  of  the  former,  especially  north  of  Boulder,  has  given 
an  almost  blood-red  hue  to  the  soils  of  the  vallev.  A  similar  vallev, 
though  lacking  the  color,  marks  the  outcrop  of  the  Benton,  where  the 
Niobrara  ridge  is  present.  Wiere  the  latter  forms  no  ridge,  the  Ben- 
ton (KTuj>ies  a  long  slo})e  from  the  Dakota  hogback  to  the  mesas. 
This  slope  is  (characteristically  nuirked  by  landslides.  At  frequent 
intervals  nuiy  \ki  seen  the  typical  hummocky  topography  due  to  this 
agency. 

MESAS. 

East  of  the  last  foothill  ridges  the  slope  to  the  plains  may  lx»  con- 
tinuous or  may  be  broken  by  a  sharj)  step,  leaving  a  high  terrace 
adjacent  to  the  foothills.  This  terrace  is  called  a  mesa,  or  locally 
"  the  mesa  ''  (PI.  Ill,  -1).  It  occurs  in  fragments  of  unequal  height 
abutting  against  the  most  easterly  foothill  ridge  or  separated  from 
it  by  a  trough  due  to  recent  erosion.  (Compare  PI.  V,  .1,  p.  80.) 
These  fragments  are  commonly  s(»parated  from  one  another  try 
ravines.  These  mesas  have  a  height  of  from  1(K)  to  300  feet  above 
the  lower  plains,  and  a  west-east  width  in  this  vicinity  varying  from 
a  fraction  of  a  mile  to  8  miles. 

SIX)rE    AND    IIEKillT. 

The  eastward  slope  of  the  terraces  may  be  as  great  as  10*^  on  the 
foothill  side,  but  it  diminishes  rapidly  toward  the  plains.  At  1 
mile  east  from  the  foothills  a  slope  of  8°  to  4°  is  conmion,  and  at 
H  miles  the  slope  is  al)out  1°.  An  east- west  cross  section  shows  an 
even  curve,  like  the  profile  of  a  stream.     In  addition  to  the  east- 

"  This  small  Korpo  in  ihf  outer  foothills,  '2  ralles  south  of  Boulder  Creek,  la  locally 
known  as  Skunk  Canyon.  It  appears  on  the  maps  of  the  Denver  basin  as  I'ole  Cat  Can- 
jon.  For  convenience  the  abbreviated  form  is  here  used.  The  small  stream  Issuing  from 
it  is  rarely  spoken  of  by  uny  name. 
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ward  slope  there  is  generally  a  distinct  northward  or  southward 
inclination  toward  a  lower  bench  quite  similar  to  the  higher,  but 
separated  from  it  by  a  steep  bluff,  or  more  commonly  by  a  ravine. 
In  a  general  way  the  highest  mesas  are  farthest  from  the  larger 
streams,  and  the  height  diminishes  as  these  streams  are  approached. 

STKUCI'UllE   x\ND    COVERING. 

These  mesas  are  essentially  rock  benches  covered  10  or  20  feet 
deep  with  unat^sorted  rock  waste.  The  rocks,  chiefly  Pierre  shales, 
are  steeply  upturned,  being  affected  by  the  mountain  uplift.  They 
have  been  smoothly  planed  off,  not  to  a  flat  but  to  an  inclined  sur- 
face. The  debris  covering  may  have  a  fairly  uniform  thickness  of 
20  feet  on  the  highest  benches.  Generally  speaking,  the  thickne^ss 
is  less  in  pro})ortion  as  the  mesa  surface  is  lower.  This  thoroughly 
unassorted  debris  comprises  fragments  of  all  sizes  from  sand  grains 
to  bowlders  more  than  10  feet  in  diameter.  The  heaviest  bowlders 
are  close  to  the  foothills,  but  fragments  a  foot  or  more  in  diameter 
are  found  some  miles  to  the  east.  On  the  highest  mesas  these  frag- 
ments are  almost  exclusivelv  from  the  red  rock.  The  lower  benches 
contain  varying  proportions  of  crystalline  rock  mixed  with  the 
debris  of  red  sandstone.  The  bowlders  of  the  present  flood  plains 
are  almost  exclusivelv  from  the  crvstallinc  rocks. 

ORIGIN. 

Some  similar  mesas  farther  south  have  been  described  as  river 
terraces;  others  liave  been  ascribed  to  the  cutting  of  lake  shores.** 
It  is  believed  that  the  mesas  in  the  area  here  described  are  remnants 
of  stream  terraces,^'  and  that  the  underlying  rocks  were  phined  off 
by  the  streams  that  deposited  the  unassorted  debris,  just  as  the 
presiMit  streams  are  eroding  the  shales  and  depositing  unassorted 
material  on  the  new  surfaces — that  is,  on  the  present  flood  plains. 
This  conclusion  is  l)ase(l  on  the  following  facts:  (1)  The  resemblance 
of  the  eastward  slope  of  the  mesas  to  the  stream  j)rofile;  (2)  the 
northward  or  southward  inclination  of  the  mesa  tops;  (3)  the 
variations  in  the  heights  of  the  mesas,  the  lower  in  general  being 
nearer  the  larger  streams;  (4)  the  general  resemblance  of  the  es- 
carpments to  old  river  bluffs,  the  higher  and  lower  mesas  having  the 
same  relationship  as  higher  and  lower  terraces,  except  that  the  mesa 
remnants  an*  often   widely  separated   by   ei'osion.     It   is  not  to  be 


"  Kmmuns,  S.  F..  (Joolovry  of  the  I)env(M*  I»asln  :  M(»ii.  T.  S.  (leol,  Suivoy.  vol.  27, 
lSl>r>.  p.  J). 

''('ompnn*  Leo.  W.  T.,  Tlio  origin  of  the  debris-covered  mesas  of  Houlder,  Colo.: 
Jour.  (Jeol.,  vol.  8,  p.  5U4. 
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understood  that  all  the  mesas  are  the  terraces  of  existing  streams. 
The  general  decrease  in  height  as  the  larger  streams  are  api)roached 
might  suggest  such  a  relation,  but  this  conclusion  is  not  intended. 
In  the  discussion  of  drainage  the  location  of  several  former  streams 
concerned  in  mesa  making  is  indicated. 

The  hypothesis  that  these  me.sas  are  stream  terraces  is  strengthened 
by  the  objections  to  the  hypothesis  that  they  are  lake  terracres.  On 
the  latter  assumption,  there  existed  over  the  adjacent  j)arts  of  the 
Great  Plains  a  water  body  of  large  but  unknown  dimensions.  The 
western  shore  of  this  lake  lay,  at  first,  a  few  miles ^ast  of  the  present 
foothill  l)elt.  The  rocks  of  this  shore  were  the  upturned  shales  and 
soft  sandstones  of  the  higher  Cretaceous  series;  the  original  offshore 
slope  was  relatively  abrupt.  Cliff  cutting  then  caused  the  shore  to 
recede  to  the  present  foothill  l)elt.  There  was  left  a  broad  wave-cut 
terrace,  of  which  the  presiMit  mesas  are  remnants,  and  this  marginal 
terrace  was  covered  with  the  sheet  of  debris  which  now  a[)[)ears  as 
the  mesa  covering.  The  facts  not  readily  accounted  for  on  this 
hypothesis  are  the  following:  (1)  The  absolutely  unassorted  nature 
and  the  fre<juent  angularity  of  the  debris;  (2)  the  entire  absence  of 
the  outer  detrital  or  built  portion  of  what  must  in  all  i)r()bability 
have  lx»en  a  cut-and-built  terrace;  (3)  the  difference  in  the  height 
of  terrace  renniants  abutting  against  the  foothills;  (4)  the  lateral 
(north  or  south)  slope  of  the  mesas;  (5)  the  dominance  of  red-rock 
fragments  on  the  higher  mesas  and  of  crystalline  rock  on  the  lower 
terraces,  and  (0)  the  lack  of  well-attested  lacustrine  deposits  over 
the  adjacent  plains.** 

In  regard  to  (1)  the  fact  that  the  debris  is  angular  and  is  not 
assorted,  it  nuiy  be  stated  that  detritus  on  marginal  lake  terraces  is 
always  assorted,  while  the  thoroughly  heterogeneous  nature  of  the 
mesa  gravels  agrees  to  a  nicety  with  that  of  the  deposits  of  many 
overloaded  streams  in  arid  regions  where  the  small  streams  are 
subject  to  quick  alternations  of  flood  and  drought.  With  reference 
to  (2)  the  abs(Mice  of  the  built  j)ortion  of  a  cut-and-built  terrace,  it 
may  be  noted  that  the  mesas  abut  against  the  mountain  front  in  a 
kind  of  embavment,  and  that  a  wave-cut  terrace  in  such  a  situati(m 
might  be  expected  to  show  a  lakeward  extension  of  detrital  material. 
The  absence  of  such  materials  is  not  lx?lieved  to  be  adequately 
accounted  for  by  subs(»quent  erosion.  In  fact,  a  mesa  composed 
entirely  of  such  loose*  and  porous  materials  as  the  present  surface 
deposit  would,  in  such  a  climate  as  this,  be  extremely  unfavorable  to 
the  development  of  surface  streams  on  account  of  the  ready  percola- 

<*  Compare  Johnson,  W.  I)..  The  WkU  IMiiins  nnd  their  utilization  :  Twenty-first  Ann; 
Kept.  U.  S.  (ieol.  Survey,  pt.  4,  1901,  p.  653. 
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tion  of  surface  waters,  and  would  therefore  endure  longer  than  a 
terrace  of  shales  thinly  covered  by  gravels.  The  significance  of  (5) 
the  dominance  of  red-rock  fragments  on  the  higher  mesas  and  of 
crystalline  rock  on  the  lower  terraces  is  probably  due  to  the  fact 
that  the  streams  were  cutting  through  red  rock  when  they  were  at  the 
level  of  the  highest  mesas,  but  as  they  eroded  deeper  channels  and 
flowed  at  lower  levels  they  cut  into  and  carried  crystalline  rocks. 
This  is  further  discussed  under  the  heading  "  Former  westward 
extension  of  strata."  The  other  objections  enumerated  above  require 
no  discussion. 

Whei'ever  the  Hygiene  sandstone  is  found  it  has  been  planed  down 
to  the  level  of  the  higher  terraces.  Upon  their  surfaces  it  does  not 
appear,  its  edge  being  covered  by  the  mesa  gravels.  North  of  Four- 
mile  Canyon,  however,  wherever  the  higher  terraces  have  been  eroded 
away  the  Hygitme  sandstone  forms  a  bold  ridge  whose  even  crest 
has  the  same  height  as  one  of  the  widest  terraces.  When  the  sand- 
stone was  planed  off  to  its  present  height  this  terrace  was  continuous 
across  the  present  lowlands. 

FORMER    WESTWARD '  EXTENSION    OF    STRATA. 

Whatever  streams  may  have  built  up  any  terrace,  it  is  manifest 
that  the  oldest  mesas  are  the  highest  and  that  the  age  decreases  with 
diminishing  height.  Furthermore,  the  proportion  of  fragments  of 
red  rock  to  those  of  crvstalline  rock  decreases  as  the  terraces  become 
lower  or  as  the  present  flood  plains  are  approached.  From  these 
facts  it  is  fail-  to  infer  that  when  the  streams  were  running  at  the 
level  of  the  highest  mesas  they  were  cutting  through  red  rock  for 
some  distance  west  of  the  present  f(K)thill  belt.  As  a  result  of  the 
head  ward  elongation  of  the  valleys  and  of  down  cutting  through  the 
sti'atified  rocks  to  the  granite,  the  streams  carried  increasing  [)ropoi*- 
tions  of  crvstalline  rock,  until  at  presiMit  the  red  rock  forms  a  very 
small  part  of  the  load  and  hence  of  the  flood-plain  debris.  As  there 
are  no  outliers  of  the  red  rock  on  the  crvstalline  area  to  the  west,  it  is 
impossible  to  make  any  but  the  roughest  estimate  of  the  width  of  the 
belt  from  which  the  stratified  rocks  have  been  denuded. 

DRAINAGE. 

The  district  is  drained  by  eastward-flowing  streams,  which  are 
consecjuent  upon  the  tilted  surface,  and  is  crossed  by  the  two  largest 
creeks — I^i^fthand  and  Boulder.  South  Boulder  Creek,  of  about  the 
same  size,  unites  with  Boulder  Creek  within  the  area.     Most  of  the 
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intermediate  smaller  streams  coming  from  the  foothills  join  these 
larger  creeks  within  the  ai*ea  mapped. 

ADJUSTMENT   TO   STRUCTITRE. 

In  the  almost  uniformly  strong  crystalline  rocks  to  the  west  all 
the  streams  are  cutting  gorges.  There  is  no  progressive  adjustment 
except  tliat  whidi  comes  from  the  more  rapid  widening  of  the  larger 
valleys  at  the  exj)ense  of  the  smaller.  In  the  almost  uniformly  weak 
rocks  of  the  plains  all  the  streams  have  flood  plains,  though  meander- 
ing is  but  little  developed.  Here  also  progressive  adjustment  to 
structure  is  not  prominent. 

Within  the  foothill  belt  the  streams  from  the  mountains  cross 
alternately  strong  and  weak  strata.  Here  tributaries  are  developed 
in  the  longitudinal  valleys,  and  at  some  places  adjustment  has  resulted 
in  stream  capture.  Across  the  outcrop  of  the  Dakota  and  tlie  Foun- 
tain the  streams  flow  in  steep  gorges  and  corrade  their  channels  with 
difficulty,  while  their  tributaries  in  the  longitudinal  valleys  erode 
the  softer  strata  with  ease.  As  a  result,  stream  capture  has  taken 
place,  and  in  the  Fountain  and  Dakota  ridges  the  abandoned  chan- 
nels now  appear  as  small  notches  analogous  to  the  wind  gaps  of  the 
Appalachians, 

EXAMPLES    OF    STREAM    CAPTL'RE. 

In  the  Dakota  hogback  a  notch  representing  a  former  stream  chan- 
nel appears  just  north  of  Bear  Canyon.  The  stream  flowing  south 
of  east  from  Green  Mountain,  and  now  tributarv  to  the  stream  in 
Pole  Canyon,  lies  in  a  direct  line  with  this  notch,  and  doubt- 
less once  crossed  the  Dakota  at  this  place.  At  the  same  time 
a  stream  one-third  of  a  mile  farther  north  crossed  the  Dakota 
where  the  ridge  was  not  only  much  lower  and  narrower,  but  was 
broken  by  the  Pole  Canyon  transverse  fault.  In  this  gap  the  north- 
ern stream  lowered  its  channel  rapidly  and  a  vigorous  tributary 
from  the  south  developed  on  the  weak  beds  west  of  the  Dakota 
ridge.  The  development  of  this  tributary  gorge  was  further  favored 
by  the  eastward  slipping  of  the  Dakota  ledges.  (See  p.  48.)  The 
tributary  gorge  elongated  headward  until  it  captured  the  headwaters 
of  the  southern  stream  and  caused  its  lower  course  to  be  abandoned. 
After  this  capture  and  sudden  acquisition  of  more  water  the  valley 
west  of  the  Dakota  ridge  was  rapidly  cut  down,  and  as  the  support 
of  the  steep  slope  on  the  west  side  of  the  hogback  was  removed  land- 
slipping  occurred.     (See  p.  51.)     A  similar  notch  cuts  the  Dakota 

BuH.  265—05  M 2 
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hogback  2  miles  farther  south  and  a  large  one  occurs  north  of  Four- 
mile  Gulch.  We.st  of  the  place  where  Twomile  Gulch  breaks  through 
the  Dakota  the  ridge  of  red  rock  is  indented  by  a  notch  whose  his- 
tory is  similar  to  that  of  the  notch  near  Bear  Canyon. 

The  largest  stream  affected  by  capture  is  Lefthand  Creek,  which 
approaches  the  foothills  from  the  west  in  sec.  2G,  6  miles  north  of 
Boulder.  "SMien  this  creek  reaches  the  middle  of  the  belt  of  red  rock 
it  turns  at  right  angles  and  flows  north  for  1 J  miles ;  it  again  turns  east 
at  Altona,  crosses  the  remaining  foothill  outcrops,  and  emerges  upon 
the  plains.  Almost  directly  east  of  its  last  bend  to  the  north  is  a 
sag  of  more  than  100  feet  in  the  Dakota  ridge  to  the  east.  The  drain- 
age channel  leading  east  from  this  sag,  though  occupied  by  a  very 
small  stream,  pursues  an  independent  course  for  many  miles.  It  is 
locally  known  as  Dry  Creek,  a'  name  applied  also  to  another  small 
stream  5  miles  farther  south.  Along  the  northern  Dry  Creek  are 
evidences  of  a  former  larger  stream — the  lower  course  of  Lefthand 
Creek — which  once  crossed  the  foothills  in  a  direct  easterly  course. 
Another  stream  (the  present  Lefthand  Creek)  that  crossed  the  foot- 
hills at  Altona  had  a  course  more  favorable  to  down  cutting  and  was 
able  to  develop  a  tributary  on  its  south  side,  whose  headwaters  worked 
far  enough  south  to  tap  the  former  I^efthand  Creek.  The  old  valley 
for  a  short  distance  east  of  the  "  ellx)w  of  capture ""  is  now  occupied 
by  a  small  westward-flowing  stream  which  joins  lefthand  Creek 
where  it  turns  to  (he  north. 

This  recent  shifting  of  the  position  of  l^efthand  Creek  explains 
ihe  otherwise  anomalous  circumstance  that  Havstack  Mountain  (PI. 
IV,  5),  the  highest  mesa  remnant  in  the  region,  lies  close  to  one  of  the 
largest  streams,  which,  as  already  pointed  out  (p.  14),  are  near  the 
lowest  mesas.  The  anomalous  position  of  Haystack  Mountain  is 
duo  to  the  fact  that  previous  to  the  capture  described  this  mesa  was 
well  removed  from  lines  of  active  erosion. 

The  terraces  to  the  east  olTer  further  interesting  evidence  concern- 
ing th(»  former  character  of  the  streams.  These  terraces  are  plana- 
tion  surfaces  due  to  meandering  and  are  not  base-levels.  Some  of 
them  are  miles  in  width,  indicatinn^  that  the  streams  which  made 
them  must  either  have  worked  a  very  long  time  at  the  same  level  or 
have  hevu  of  considerable  size.  Knowledge  of  either  one  of  these 
conditions,  therefore,  sheds  light  upon  the  other. 

As  an  illustration  of  the  above,  nnu'h  of  the  surface  between  Table 
Mesa  and  the  high  mesa  4  miles  north  of  Boulder  Creek,  a  stretch 
f)f  8  miles,  is  at  one  level,  about  150  feet  below  Table  Mesa.  The 
bottoms  of  the  present  valleys  are  from  50  to  75  feet  below  this  lower 
terrace.     Where  this  terrace  has  been  eroded  away  by  the  present 
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streams  the  strong  Hygiene  sandstone  stands  out  as  an  even-topped 
ridge,  rising  to  the  exact  height  of  this  lower  terrace.  "SMiere  the 
lower  terrace  has  not  been  eroded  the  Hygiene  sandstone  does  not 
appear,  having  been  planed  off  by  meandering  streams  and  covered 
with  the  coarse  gravel  that  mantles  the  mesas  and  terraces.  Small 
streams  now  cross  the  Hygiene  sandstone  in  narrow  gorges.  All 
flood  plains  and  low  terraces  of  present  streams  are  narrow  in  com- 
parison with  the  broad  surface  of  planation,  w'hich  has  the  same 
height  as  the  top  of  the  sandstone  ridge.  If  the  present  small 
streams  planed  off  the  broad  surface  150  feet  below  that  of  Table 
Mesa,  they  must  have  worked  longer  at  one  level  than  would  be 
consistent  with  the  present  rate  of  down  cutting. 

On  the  other  hand,  it  is  noteworthy  that  this  broad  planation 
surface  lies  along  the  course  followed  by  Ijcfthand  Creek  l)efore  the 
stream  had  been  shifted  northward  by  the  capture  described  alK)ve. 
This  stream  was  approximately  as  large  as  Boulder  Creek,  and  its 
planation  surface  is  as  broad  as  that  of  the  latter.  The  supposition 
that  the  present  small  streams  meandered  at  one  level  long  enough 
to  make  such  a  l)road  planation  surface  would  involve  conditions  of 
level  or  of  climate  which  are  not  supported  by  the  other  evidence. 

NATURAL  LAKE  BASINS. 

Scattered  over  the  plains  is  a  considerable  numlx»r  of  [)onds,  some 
of  which  have  an  area  of  100  or  200  acres.  All  of  these  are  used 
for  storage  of  irrigation  waters,  and  have  had  their  capacities 
materially  enlarged  by  dams.  Some  are  due  entirely  to  the  damming 
of  valleys  or  ''  draws,''  but  others  are  natural  basins.  Marshall  Lake 
and  Boulder  (Weisenhorns)  Lake  are  good  examples  of  the  latter 
type.  These  natural  basins  are  not  confined  to  the  surficial  sheet 
of  rough  gravel,  but  are  often  deep  in  the  shales.  They  originated 
later  than  the  mesas  or  terraces  which  surround  them.  Some  of  the 
small  ones  might  have  originated  by  small  landslips  or  creep,  result- 
ing in  the  damming  of  small  valleys,  but  most  of  them  can  not  be  thus 
explained.  Boulder  Lake  has  a  nearly  flat  bottom  at  a  depth  of 
approximately  20  feet.  The  fraction  of  this  depth  due  to  damming, 
either  natural  or  artificial,  is  insignificant. 


Cretaceous 
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STRATIGRAPHY. 

The  classification  and  nomenclature  of  formations  used  by  Emmons 
and  Eldridge  for  the  Denver  basin  «  is  in  the  main  followed  in  this 
paper.     For  the  area  here  concerned  the  succession  is  as  follows : 

Quaternary Alluvium  and  terrace  gravels. 

Laramie. 

Fox  Hills. 

Pierre. 

Niobrara. 

Benton. 

Dakota. 
Jurassic Morrison. 

Lykins. 

Lyons. 

Fountain. 

Algonkian Quartzite  of  South  Boulder  Canyon. 

Archean .Granites,  etc. 

ARCHEAN    SYSTEM. 

The  sedimentary  rocks  of  this  district  rest  upon  a  basement  of 
granite,  gi'anite-porphyry,  and  granite-gneiss,  w^hich  are  at  some 
phices  gray,  but  more  commonly  range  from  flesh  color  to  red.  This 
basement  is  cut  by  frequent  dikes;  several  prominent  ones  have  a 
north-northwest  direction,  others  trend  south  of  east.  These  dikes 
are  commonly  comi)osed  of  pegmatite,  but  there  are  also  several  of  a 
light -greenish  felsitic  porphyry,  similar  to  those  which  intrude  the 
sedimentaries  of  the  foothills. 

The  contact  of  this  Archean  foundation  with  the  overlying  sedi- 
mentaries  is  not  a  plane,  but,  in  this  district  at  least,  the  undula- 


Triassic  (?)«>. 


«  Mon.  i:.  S.  (leol.  Survey,  vol.  27.  ISOfi. 

''The  writer  is  Indebted  to  Mr.  (leor^e  II.  Eldridge,  one.  of  the  anthers  of  the  mono- 
graph on  the  Denver  basin,  for  the  following  rote  on  the  group  heretofore  called  Wyoming 
and  tentatively  regarded  as  Triassic  : 

**  Mr.  N.  H.  Darton,  of  the  United  States  (Geological  Survey,  has  had,  since  the  publica- 
tion of  the  Denver  monograph,  especial  opportunity  to  study  the  sedimentary  formations 
from  the  Black  Hills  In  South  Dakota  to  the  southern  portion  of  the  frontal  ranges  of  tlie 
Rocky  Motintnius  in  Now  Mexico,  and  Is  of  the  opinion,  from  evidence  accumulated  by 
him.  that  lhe"Hed  Beds"  LI''o"ntaln]  and  their  overlying  **  Creamy  Sandstone  *'  f  Lyons], 
designated  the  Lower  Wyoming  in  Monograph  27  of  the  United  States  Geological  Survey, 
are  Tennsylvanian  In  age.  and  that  the  series  known  as  Upper  Wyoming  f  Lykins]  In  that 
monograph  is  possibly  Permian  In  the  lower  part  and  Triassic  in  the  tipper. 

"The  evidence  leading  to  sucli  an  inference  consists  of  the  presence  In  the  Red  Beds,  at 
one  or  more  localities,  of  limestones  containing  Pennsylvanian  fossils  and  of  the  pres- 
ence of  Permian  fossils  in  the  Black  Hills  in  what  be  there  ('(jrrelates  with  the  lower 
portion  of  the  Upper  Wyoming,  in  the  l)enver  foothill  region-  that  is,  with  the  portion 
here  consisting  of  the  pink  shales,  line  sandstones.  an<l  cm-iy  limestones.  The  higher 
members  of  the  Upper  Wyoming  may  still  be  considered  Triassic  In  the  absence  of  evidence 
to  the  contrary." 
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lions  are  very  broad  and  gentle.  The  question  whether  this  surface 
is  due  to  subaerial  or  to  marine  deundation  is  discussed  under  the 
heading  "  Geologic  history  "  (pp.  54-57). 

SEDIMENTARY  ROCKS. 

ALGONKIAN    SYSTEM. 
QUARTZITE   OF   SOUTH    BOUF.DKR    CANYON. 

• 

The  oldest  and  lowest  sedimentary  rock  is  a  quartzitc  which 
appears  only  at  the  extreme  southern  end  of  the  area,  in  South 
Boulder  Canyon.  It  is  regarded  as  of  pre-Cambrian  age."  It  is 
for  the  most  part  white,  or  stained  pink  with  iron  oxide;  of  medium 
texture,  except  at  what  seems  to  be  the  base,  where  it  is  a  pebble 
conglomerate.  One  mile  south  of  the  southwest  corner  of  the  area 
mapped  the  beds  are  almost  vertical  and  are  cut  across  by  the  newly 
constructed  grade  of  the  Denver  and  Northwestern  Railroad.  The 
stratum  is  here  550  feet  thick. 

This  formation  do(»s  not  rest  upon  the  Archean  surface  at  the  same 
angle  as  the  remaining  strata.  From  a  point  at  the  base  of  the 
Fountain  sjindstone,  which  in  general  rests  upon  the  granite,  the 
qiiartzite  strikes  southwest,  then  for  a  space  nearly  west,  and  then 
S.  27°  W.  to  far  beyond  the  limits  of  the  area  mapped.  It 
dips  throughout  to  the  southeast  at  angles  ranging  from  (50°  to  90°. 
Both  north  and  south  of  it  the  same  granite  complex  underlies  the 
Fountain.  In  its  relations  to  the  higher  stratified  rocks  the  quartzite 
is  only  a  part  of  the  complex,  on  whose  nearly  plane  surface  the 
Fountain  is  laid  down. 

The  structural  relation  of  this  single,  steeply  upturned  stratum, 
outcropping  in  a  narrow  Mi  for  many  miles  between  inclosing 
granites,  is  not  clear  from  observations  made  within  this  area.  So 
small  a  part  of  its  entire  outcrop  is  included  in  this  area  that  the 
attempt  to  decide  its  structural  relations  w'ill  not  be  made  here. 
Marvine,  in  his  description  of  the  Front  Range,*  regards  the  granite 
as  a  mass  of  metamorphosed  sedimentaries.  According  to  this  sup- 
position, the  quartzite  is  merely  one  of  many  metamorphosed  strata, 
this  one  showing  plainly  its  sandstone  origin,  while  its  neighbors 
have  become  entirely  structureless.  Van  Hise,  who  has  studied 
the  contacts  in  South  Boulder  Canyon,  l:)elieves  that  the  phenomena 
of  contact  are  those  of  a  sedimentarv  formation  laid  down  on  a 
granite   and    gneiss   floor.^     He   also   thinks    it   probable    that   the 

•  Van  HIse,  C.  R.,  Correlation  papers,  Arclican  and  Algonklan  :  Bull.  U.  S.  Oeol.  Survey 
No.  80.  p.  325. 

•Seventh  Ann.  U^^pt.  U.  S.  (ieol.  and  (Jeoj?.  Snrv.  Terr,  pp.  83-102. 

<*  Van  Ulse,  C  It.,  Manuscript  note.s  to  Ite  used  in  a  revision  of  pre-Cambrlan  rocks  of 
North  America  (Bull.  U.  S.  Geol.  Survey  No.  80). 
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quartzite  has  been  folded  in,  and  that  the  structure  is  that  of  an 
isoclinal  syncline. 

TRIASSIC     (  ? )     SYSTEM. 

The  rocks  in  this  region,  hitherto  regarded  as  of  Triassic  age  and 
called  '^  Wyoming,"  ^embrace  three  formations — the  Fountain,  the 
Lyons,  and  the  Lykins.  The  term  "  Red  Beds  "  is  popularly  used 
without  definite  limitations;  but  the  authors  of  the  monograph  on 
the  Denver  basin  have  conveniently  limited  the  use  of  this  term  to 
the  lowest  and  largest  member  of  the  series.  The  popular  use  of  the 
term  ''  red  rock  "is  similarly  restricted. 

The  subdivision  into  "  Lower  "  and  "  Upper  "  Wyoming,  adopted 
for  the  Denver  basin,  would  also  be  appropriate  to  the  Boulder 
area.  The  lower  division,  however,  clearly  embraces  two  lithological 
units  which  it  is  desired  to  distinguish  in  this  report.  The  lower 
and  major  part  consists  chiefly  of  rather  coarse,  arkose  sandstones 
and  conglomerates  of  reddish  color,  while  the  upper  and  lesser 
part  is  a  finer-grained,  quartzose  sandstone  of  white,  "  creamy," 
or  light-reddish  color.  The  coarse  red  sandstones  were  called  the 
Fountain  formation  by  Cross  in  the  Pikes  Peak  folio,  a  type  sec- 
tion being  crossed  by  Fountain  Creek,  near  Manitou.  The  summit 
of  the  Fountain  formation  is  not  exposed  in  the  Pikes  Peak  quad- 
rangle, but  Darton «  has  found  the  character  of  the  Fountain,  as 
described  by  Cross,  to  continue  to  a  white  sandstone  corresponding 
with  the  '*  creamy  sandstone''  of  Eldridge,  occurring  in  the  (Jarden 
of  the  Gods,  to  which  the  name  Lyons  sandstone  is  hen*  given. 

FOUNTAIN    SANDSTONK. 

Lithologic  (hfiracter. — In  general  the  Fountain  sandstone  is  a 
rougli  arkose,  the  individual  feldspars  often  appearing  in  large  crys- 
tals. Locally  it  passes  on  the  one  hand  into  congh)merate  and  on 
the  other  into  cpiartzose  sandstone,  excellent  for  building  purposes, 
and  even  into  shale.  Micas  are  frequent,  especially  in  the  finer 
portions.'^  The  conglomerate  i)hase  may  have  pebbles  of  granite 
and  schist  or  of  pure  (juartz  only.  The  conglomerate  of  fragments 
of  crvstalline  rocks  is  found  onlv  at  the  base,  and  there  not  univer- 
sally.  At  ])laces  it  is  a  beautiful  recomposed  granite,  which  at 
casual  glance  is  not  ditl'erent  from  a  coarse,  reddish-brown  original 
granite.  Quartz-pebble  conglomerate  may  be  found  at  any  or  all 
horizons. 


"  Hull,  rjool.  Soc.  Am.,  vol.  1').  p.  22. 

'' Tiof.  K.  I).  (Jooriio.  of  tli<*  rniviMslty  of  Colorado,  lias  oxamlnod  many  specimens 
and  finds  that  In  lar;n'  l)ait.  at  least,  this  mlea  may  Ije  secondary  and  may  have  bwn 
derived  from  the  feldspar. 
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The  cement  of  the  mass  is  silica  with  an  admixture  of  iron  oxides; 
hence  the  qiiartzose  beds  weather  Avith  extreme  slowness.  Their 
fragments  survive  unchanged  in  the  rubble  of  the  mesas,  where 
those  of  the  crystalline  rocks  can  be  crushed  in  the  hand. 

The  color  of  this  rock  in  its  coarser  phases  is  due  in  part  to  its 
pink  or  red  fragments  of  feldspar.  In  a  large  way  this  is  more 
true  of  the  lower  horizons  than  of  the  upper,  but  the  same  factor  is 
present  in  nearly  all  beds  to  a  greater  or  less  degree.  In  the  cement, 
between  the  grains,  crystals,  and  fragments,  however,  red  iron  oxide 
also  appears,  and  in  a  general  w^ay  affects  the  coloring  in  proportion 
to  the  fineness  of  the  grain.  Where  quartz  is  more  abundant  the 
rock  sometimes  has  a  lighter  color,  which  locally  in  loosely  aggre- 
gated masses  may  even  approach  whiteness.  AMiere  this  is  the  case 
it  is  composc»d  almost  entirely  of  large  angular  quartz  grains  that 
appear  to  have  been  assorted  out  of  disintegrated  granite,  with 
almost  no  rounding  by  Avear. 

Occasional  mottling  in  freakish  forms  is  apparently  caused  by 
leaching  of  iron  oxide  by  percolating  waters.  Where  the  differences 
in  shade  are  attended  by  differences  in  texture,  the  darker  colors 
occur  in  the  denser  portions  where  the  water  circulation  has  l)een 
least.  In  so  far  as  the  differential  coloring  is  due  to  the  action  of 
percolating  waters,  doubtless  a  concentration  of  coloring  matter  in 
the  denser  portions  has  accompanied  its  leaching  from  the  coarser. 

Structure, — The  Fountain  sandstone  is  characterized  by  very  thick 
beds  throughout,  and  cross-bedding  may  l)e  found  at  any  horizon; 
at  places  tliere  is  a  beautiful  flow-and-plunge  structure.  It  is  very 
common  to  find  pebble  beds  a  few  inches  thick  alternating  with  the 
finer  sediments.  Shale  is  found  in  distinct  streaks  or  pockets.  The 
thickness  of  these  "  Red  Beds  "  is  500  to  GOO  feet  at  Boulder  Canyon, 
where  thev  are  vertical,  and  increases  hoih  to  the  north  and  to  the 
south,  approximating  1,500  feet  at  Fourmile  Canyon,  where  they  dip 
eastward  at  an  angle  of  47°.     No  fossils  have  been  found. 

LYONS    SANDSTONE. 

Character  and  coloring, — Above  these  massi^-e  beds  and  more  or 
less  arkose  sandstones  are  other  beds  of  purely  quartzose  sandstone. 
This  upper  formation  is  best  developed  at  Lyons,  a  few  miles  north 
of  the  area  mapped.  It  is  quarried  there  in  large  amounts.  The 
formation  is  named  from  that  locality.     The  siliceous  cement  of  this 

ft' 

sandstone  has  sufficient  iron  to  produce  shades  of  pink,  but  the  popu- 
lar name,  "  creamy  sandstones,"  conveys  a  wrong  impression  as  to 
their  color.  While  the>>c»  beds  have  a  fairly  uniform  shade  they  are 
locally  almost  white,  and  at  some  places  red.  \Miere  these  extremes 
occur,  as  at  Fourmile  Canyon,  leaching  and  concentration  of  the 
coloring  matter  have  often  produced  gaily  colored  rings  and  bands. 
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An  extreme  phase  of  this  feature  is  seen  in  the  small  red  nodules 
which  may  even  be  found  loose  in  their  sockets  in  certain  layers'" 
and  which  may  involve  other  causes  in  addition  to  those  which  make 
simple  concretions.  Many  dendrite  figures  are  found,  some  of  mar- 
velous beauty.  They  are  sometimes  obtained  in  thin  flagstones, 
approximately  2  feet  square,  the  entire  side  of  such  a  slab  being 
occupied  by  one  symmetrical  fern-like  figure  of  exquisite  delicacy. 
No  fossils  are  found. 

Cross-bedding. — The  long  washing  and  complete  assortment  which 
these  sands  underwent  on  the  shore  of  the  early  sea  was  attended  by 
cross-bedding  of  unusual  dimensions  and  perfection.  The  angle  of 
cross-bedding  is  occasionally  as  great  as  35°.  At  nearly  all  of  the 
many  quarries  opened  in  this  stratum,  flags  or  blocks  are  taken  out 
along  cross-bedding  planes.  This  is  not  universally  true  outside 
the  area  represented  by  the  map.  At  some  of  the  Lyons  quarries  a 
part  of  the  stone  has  been  taken  out  along  the  true  bedding,  but  this 
is  not  the  rule. 

The  most  striking  feature  of  this  cross-bedding,  next  to  its  uni- 
versality and  perfection,  is  its  dip.  With  few  exceptions  this  is  at 
a  lower  angle  than  that  of  the  true  bedding.  If,  therefore,  the  strata 
w^ere  again  horizontal  the  oblique  lamination  would  dip  toward  the 
mountains;  that  is  to  say,  toward  the  shore  that  existed  at  the  time 
the  beds  were  deposited.  The  significance  of  this  is  discussed  under 
the  heading  ''  Geologic  history." 

This  cross-bedded  stratum  reaches  a  maximum  thickness  of  297 
feet  at  Foiinnile  Canyon,  and  is  absent  just  south  of  Boulder  Creek, 
It  passes  by  gradations  into  the  Fountain,  or  "  Red  Beds,'-  below. 

LYKINS    FORMATION. 

Character  and  thickness, — Lying  conformably  upon  the  rocks  just 
descrilx»d,  which  are  prevailingly  sandstones  and  strong  ridge  makers, 
is  a  series  of  sandstones  and  sandy  shales,  with  a  little  limestone. 
This  series  is  the  Lvkins.  The  name  is  taken  from  Lvkins  Gulch, 
nt  the  north  end  of  the  area  mapped,  the  scenery  along  which 
owes  its  strange  and  beautiful  character  to  this  formation.  It 
is  clearly  distin£j:uished  from  the  lower  formations  bv  its  softness 
and  by  its  showy  colors,  the  most  striking  of  which  is  a  rich 
brick  red  that  characterizes  its  sandy  shales  and  shaly  sands.  At 
places  the  color  is  more  brownish,  but  it  is  always  deep  and  rich, 
and  the  long  foothill  valley,  always  jlresent  upon  these  soft  rocks 
(fig.  1,  p.  12;  also  PI.  IV,  /I,  p.  14),  is  at  places  brilliantly  colored. 

The  entire  series  is  nowhere  shown  in  a  single  section  because  it 


«  i:i(lrl<lKe    (Monograph   XXVII,   p.  54)    limits  those  at  Golden   to  a   horizon  ahout   20 
feet  below  the  summit. 
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is  easily  weathered  and  consequently  thickly  covered  by  waste.  At 
Fourmile  Canyon,  where  the  formation  is  somewhat  more  than 
800  feet  thick,  the  lowest  230  feet  are  largely,  if  not  wholly,  sand- 
stones of  a  clear  red,  a  little  darker  than  brick.  These  are  overlain 
by  the  "crinkled"  sandstone  (see  below),  which  is  here  35  feet 
thick.  Above  this  for  407  feet  there  are  no  exposures,  but  the  soil  is 
very  red,  and  exposures  not  far  distant  indicate  that  most  of  this 
thickness  is  occupied  by  red  arenaceous  shales.  Above  these  obscured 
beds  are  100  feet  more  of  the  familiar  red  sandstone.  Apparently 
any  horizon  of  this  formation  may  be  slightly  calcareous,  but  this  is 
not  general. 

The  section  is  essentially  the  same  wherever  seen,  but  the  thick- 
ness varies  greatly.  The  series  is  apparently  absent  just  north  of 
Gregory  Canyon.  If  present  at  all  it  must  have  a  thickness  of  only 
a  few  feet  and  is  concealed  beneath  the  sheet  of  waste  which  obscures 
almost  all  the  strata  between  the  Fountain  and  the  Niobrara. 

As  indicated  above,  for  a  considerable  portion  of  the  column  the 
nature  of  the  rocks  is  for  the  most  part  concealed.  At  and  beyond 
the  north  end  of  the  area  mapped  there  are  certain  slopes  on  which 
nearly  the  entire  formation  is  exposed.  Here  it  does  not  greatly 
exceed  300  feet,  and,  except  for  the  "  crinkled  "  sandstone,  the  whole 
exposure  is  of  argillaceous  sandstone,  brick  red  in  the  main,  but  more 
brownish  near  the  top.  To  this,  however,  must  be  added  at  the 
summit  about  20  feet  of  light-pink  or  dull-yellowish,  thin-bedded 
sandstone,  slightly  calcareous.  This  forms  a  kind  of  transition  to 
the  well-marked  massive  gray  sandstone,  which  clearly  belongs  to 
the  Jurassic. 

Eldridge  has  described  the  Lykins  under  the  name  "  Upper  Wyo- 
ming "  at  localities  farther  south,  where  it  contains  "  clayey  strata  of 
bright  colors — gray,  yellow,  green,  pink,  and  lilac."  <»  Throughout 
much  of  this  area  there  are  some  hundreds  of  feet  out  of  the  total 
width  of  the  Lykins  belt  where  beds  of  such  colors  could  easily  be 
concealed.  However,  with  the  exceptions  already  noted,  it  is  doubt- 
ful if  anything  but  ocherous  reds  reach  the  north  end  of  the  area 
mapped. 

The  brownish-red  sandstone  at  or  near  the  top  of  the  series  (the 
dull-yellow,  thin-l)edded  sandstone  noted  above  does  not  appear 
everywhere)  has  a  variable  thickness.  It  is  more  than  100  feet 
thick  at  Fourmile  Canyon.  While  primarily  a  massive  sandstone, 
its  exposed  ledges  weather  into  shingle-like  combs. 

^'Crinkled "  sandstone. — The  persistent  band  which  is  here  re- 
ferred to  as  the  "  crinkled  "  sandstone  is  one  of  the  noticeable  fea- 
tures of  the  series.     At  places  it  reveals  the  presence  of  the  Lykins 

•  Op.  cit.,  p.  56. 
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where  all  other  beds  are  covered  by  the  abundant  talus  of  the  red 
rock  and  Lyons  sandstone.  This  band,  nowhere  above  35  feet  thick, 
is  present  wherever  the  Lykins  is  found.  Its  superior  hardness 
causes  frequent  exposures  where  the  ocherous  sandstones  above  and 
below  it  are  buried  under  waste.  Such  a  line  of  exposures  is  every- 
where found  at  a  nearly  uniform  distance  east  of  the  Lyons  sand- 
stone outcrop.  It  is  in  the  main  a  sandstone  more  or  less  calcareous. 
Locally  it  has  a  bed  of  dense  limestone  at  its  base  and  sometimes 
other  limestone  beds  above.  Some  of  these  have  been  quarried  for 
lime.  It  is  of  a  light-pink  or  purplish  color,  clearly  and  minutely 
laminated.  These  laminae  are  almost  universally  deformed,  are 
closely  crumpled,  and  serve  to  make  prominent  the  effects  of  a 
north-south  stress  which  has  at  places  minutely  brecciated  the  rock. 
The  evidences  of  such  a  stress  are  all  but  lost  in  the  softer  massive 
rocks  which  are  conformable  with  this  layer  above  and  below. 

JURASSIC  SYSTEM. 
MORRISON   FORMATION. 

Limits, — At  the  top  of  the  brownish  sandstone  above  mentioned 
there  is  an  abrupt  change  to  light  colors,  or  at  most  there  may  be 
about  20  feet  of  beds  of  intermediate  character.  The  sudden  transi- 
tion is  readily  seen  at  many  places  and  is  the  convenient  indication 
of  the  division  between  the  Lvkins  formation  and  the  Morrison,  as 
the  overlying  Jurassic  beds  are  called.  The  upper  limit  of  the  Mor- 
rison is  quite  as  clearly  marked  by  the  hard  sandstones  and  conglome- 
rates of  the  Dakota,  but  the  body  of  the  formation  shows  considerable 
variation  from  place  to  place.  Its  maximum  thickness  may  be  taken 
at  a  little  less  than  400  feet  (as  at  Rear  and  Fourmile  canyons). 

Generalized  section, — Sections  of  the  Morrison  at  various  places 
in  this  area  diiTer  greatly.  In  the  main,  however,  the  formation  con- 
tains a  large  proportion  of  light-colored  clays,  some  moderately 
indurated  and  others  of  flinty  hardness,  much  gray  sandstone,  often 
calcareous,  and  at  various  horizons  beds  of  highly  compact  limestone. 
A  very  much  generalized  section  would  ])resent  the  beds  in  about  the 
following  order,  beginning  at  the  base:  Sandstone,  cla^rs,  limestone, 
clays.  The  first  and  last  members  of  the  series  are  persistent,  but  the 
intervening  clays  and  limestone  may  show  two  or  three  alternations 
and  may  inclose  i)romineiit  sandstones. 

The  thickness  of  the  important  sandstone  at  the  base  is  nowhere  less 
than  10  feet,  andniay  be  twice  that  amount.  This  bed  is  persistent 
and  massive,  and  yields  the  white  building  stone  commonly  known 
as  the  *'  Doctor  Hond  sandstone.''  It  is  slightly  calcareous,  as  are 
the  Morrison  sandstones  in  general.     In  Bear  Canyon  it  forms  the 
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western  one  of  two  strong  ridges.  This  sandstone  is  everywhere 
overlain  by  soft  beds  which  are  covered  by  waste. 

The  lowest  limestone  is  at  places  within  15  feet  of  this  basal  sand- 
stone. At  South  Boulder  Canyon  there  are  40  feet  of  it  in  one 
stratum,  but  at  Bear  Canyon  it  is  separated  into  two  strata  by  a 
massive  sandstone.  Near  Altona  there  are  three  distinct  limestones, 
the  topmost  being  a  resistant  stratum  30  feet  thick  which  may  form 
the  crest  of  the  ridge  where  the  Dakota  ledge  is  locally  lower.  This 
is  the  aise  for  a  considerable  stretch  l)etween  Fourmile  and  Sixmile 
canyons.  These  limestones  are  exceedingly  compact,  and  turn  brown 
upon  the  slightest  weathering,  though  they  are  normally  a  dark 
bluish  gray.  As  the  beds  are  much  fractured  or  affected  with  incipi- 
ent fractures,  the  brown  color  is  so  general,  even  in  fragments  broken 
by  the  hammer,  that  the  normal  gray  may  easily  be  overlooked.  The 
sandstones  above  the  basal  bed  are  (1)  the  resistant  beds  between  the 
limestones  and  (2)  the  Saurian  sandstone  described  by  Eldridge  for 
the  Denver  basin.** 

South  of  Boulder  the  intermediate  sandstone  beds  are  represented 
by  the  eastern  one  of  the  two  ridges  in  Bear  Canyon.  The  rock  of 
this  ridge  differs  little  from  the  basal  stratum.  North  of  Boulder 
these  beds,  whether  one  or  two,  have  a  characteristic  purplish  hue, 
an  irregular,  often  closely  laminated  bedding,  a  flow-and-plunge 
structure  at  places,  and  a.  wavy  or  scaly  appearance  where  split 
along  bedding  planes.  Where  the  sandstone  shows  this  phase  it  may 
be  very  hard.  Occasionally  the  crest  line  of  the  bold  Dakota  hog- 
back jogs  to  the  west  and  follows  one  of  these  strong  ledges  of  the 
Morrison.    This  occurs  at  several  places  south  of  Altona. 

The  next  75  or  100  feet  are  everywhere  obscured  in  this  district. 
The  space  is  doubtless  occupied  by  the  "Atlantosaurus  clays" 
descril^ed  by  Eldridge,  but  their  character  can  only  be  inferred  from 
cx^)osures  farther  south  beyond  this  field.  Above  these  softer  beds, 
which  do  not  outcrop,  are  limestones  generally  interbedded  with 
clavs. 

The  horizon  above  the  zone  of  intermittent  limestones  is  marked 
by  a  rather  persistent  sandstone.  It  is  generally  calcareous  and 
stained  with  iron,  the  coloring  usually  taking  the  form  of  round 
dots,  in  general  about  the  size  of  shot.  \Mien  so  marked  it  strongly 
resembles  certain  strata  of  the  Dakota,  but  is  distinguished  from 
the  latter  by  the  fact  that  it  effervesces  with  acid.  The  stain  is  not 
always  distributed  in  this  way,  but  may  give  an  irregular  rusty 
color  to  the  whole  rock.  This  is  the  "  Saurian  sandstone  "  described 
by  Eldridge,  but  no  animal  remains  have  been  found  in  this  field. 
Its  greatest  measured  thickness  here  is  less  than  15  feet. 

«  Eldridge,  G.  H.,  Geology  of  the  Denver  basin :  Mon.  U.  S.  Geol.  Surrey,  Yol.  21,  1896^ 
p.  61. 
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The  remaining  rocks  at  the  top  of  the  Morrison  are  dense,  hard 
clays  and  argillaceous  sandstones.  They  are  green,  yellow,  and  pur- 
ple, and  occur  in  beds  that  are  from  a  few  inches  to  a  few  feet  thick. 
The  fine-grained  indurated  rocks  are  full  of  fractures  and  tend  to 
crumble  into  minute  angular  fragments.  Some  beds  are  calcareous. 
The  thickness  of  these  clays  is  about  30.  feet  at  South  Boulder  Canyon 
and  nearly  three  times  that  amount  at  Fourmile.  They  are  well 
exposed  on  the  south  side  of  Bear  Canyon,  where  they  are  75  feet 
thick. 

CRETACEOUS   SYSTEM. 
DAKOTA    FORMATION. 

Above  the  Jurassic  comes  the  prominent  Dakota  formation,  easily 
recognized  and  well  known  in  the  great  hogback  which  parallels  the 
Front  Range  for  hundreds  of  miles.  It  is  a  firm  sandstone  that  is 
often  quartzitic,  is  generally  thick  bedded,  and  is  characterized  by 
frequent  cross-bedding  and  ripple  marks.  Its  more  resistant,  heavy 
beds  may  give  to  the  hogback  one,  two,  or  even  three  constituent 
ridges  or  combs. 

Basal  conglomerate. — At  is  base,  though  not  everywhere  present, 
is  a  pebble  conglomerate.  The  constituent  pebbles  include  "  abun- 
dant limestones,  quartzites,  clays,  flints,  jaspers,  and  rocks  of  gran- 
itic composition,  together  with'  the  separate  mineral  constituents 
of  the  last.''"^  The  whole  is  so  firmlv  cemented  that,  where  un- 
w^eathered,  the  rock  fractures  in  broad  planes  which  pass  through 
the  pebbles.  Fi'equently  a  series  of  thin  pebble  beds  in  a  mass  of 
sandstone  takes  the  ])lace  of  the  continuous  conglomerate.  This 
alternation  of  beds  makes  the  thickness  of  the  basal  zone  indefinite, 
but  there  aie  few  pebble  beds  above  the  first  20  or  »^0  feet. 

Chavacter  of  the  madxtone. — Considerable  variation  may  be  dis- 
cerned in  the  sandstone,  but  with  the  exception  of  the  basal  conglom- 
erate no  one  bed  has  a  constant  position  in  the  column.  Generally 
the  sandstone  is  (composed  of  quartz  grains,  with  a  siliceous  cement, 
and  is  "^rav  or  vellowish  ffrav.  With  increase  of  iron  oxide  the 
sandstone  exhibits  striking  features  of  differential  coloring.  The 
most  common  of  these  is  due  to  the  concentration  of  the  iron  into 
evenly  distributed  spherical  specks,  which  are  of  uniform  size  in  a 
particular  bed,  but  which  are  as  small  as  small  shot  in  some  beds  and 
as  large  as  peas  in  others.  The  color  of  these  specks  is  light  brown, 
but  in  a  weathered  crust  of  such  a  rock  it  is  often  bright  red,  due,  no 
doubt,  to  the  loss  of  water  from  the  iron  oxide.  This  dotted  coloring 
is  exceedingly  coninion,  perhaps  more  so  in  the  upper  portion  than 
in  the  lower.     Frequently,  also,  the  weathered  surface  of  a  Dakota 

•  Eldrldge,  op.  cit.,  p.  G3. 
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block  or  ledge  is  blackened  by  a  smooth  or  even  shining  crust  of 
manganese  and  iroji  oxide. 

At  intervals  between  the  stronger  ridge-making  ledges  occur  layers 
of  thinly  laminated  shaly  sands,  aggregating  in  thickness  only  a  few 
feet.  These  crumble  out  in  small  angular  fragments  and  their 
wasting  accentuates  the  relief  of  the  strong  ledges.  Fire  clay  is  not 
found  in  this  area.  Fragments  or  impressions  of  w^ood  are  not 
infrequent,  but  good  fossils  w^ere  not  observed. 

Columnar  jointing, — Some  of  the  upper  beds  have  a  distinct 
columnar  jointing.  At  Sixmile  Canyon  certain  thin  ledges  .when 
Anewed  fi'om  a  short  distance  look  like  sheets  of  basalt.  The  bedding 
faces  of  these  same  strata  are  exposed  and  resemble  a  rough  pavement 
of  polygonal  blocks.  This  jointing  produces  irregular  columns  from 
2  to  8  inches  in  diameter.  These  beds  are  not  to  be  confused  wath  the 
igneous  rocks,  which  are  intruded. 

The  line  between  the  Dakota  and  the  overlying  Benton  shales, 
while  very  distinct  in  a  large  way,  is  not  so  easily  located  in  detail. 
Alternations  of  sandstone  and  shale  occur  over  a  zone  of  50  feet  or 
more.  The  thickness  of  the  Dakota  at  Bear  Canyon  is  about  320  feet, 
and  at  Fourmile  Canyon  a  little  greater. 

BENTON    FORMATION. 

Shales  and  limestone. — The  Benton  shales  have  a  thickness  of 
more  than  500  feet  at  the  north  end  of  the  field.  They  are  somewhat 
thinner  at  the  south  end  and  taper  uniformly  from  both  ends  toward 
Boulder  Creek,  where  the  formation  almost  disappears.  The  great 
body  of  the  shale  is  dark.  There  are  frequent  layers  a  few  inches 
thick  which  are  strongly  impregnated  with  iron.  The  formation 
is  calcareous  in  varying  degree.  At  many  places  some  beds  are  com- 
posed of  a  black  limestone  show^ing  a  crystalline  surface  when  broken 
and  having  a  strong  bituminous  odor.  Six  miles  north  of  Boulder 
several  hundred  feet  of  the  upper  strata  have  this  nature.  Elsewhere 
this  phenomenon  seems  to  be  confined  to  isolated  beds. 

Upper  beds  and  Niobi^ara  contact. — As  the  summit  is  approached 
the  bla(jjcness  disappears  and  the  last  75  feet  (observed  near  the 
north  end  of  the  field)  show  light-colored  limestone,  shale,  and  sand- 
stone. North  of  Sixmile  Canyon  these  l)eds,  which  may  be  regarded 
as  transitional  to  the  Niobrara,  show  the  following  section: 

Section  of  upper  part  of  Benton  formation  north  of  Sixtnile  Canyon, 

Feet. 

Greenish  sandstone,  calcareous  in  lujper  third 15 

Shales,  blue  to  yellow,  noncalcaroous 15 

Sandstone,  noncalcareous,  firm,  rather  purplish 10 

Shale,  iron  stained  at  intervals 10 

Shale,  calcareous  (or  calcareous  at  top). 
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Below  the.se  beds  is  a  limestone  of  variable  thickne.ss  strongly 
resembling  the  basal  Niobrara.     It  occurs  in  lenses  only. 

The  greenish  sandstone  at  the  top  is  found  l)elow  the  basal  Nio- 
brara wherever  the  latter  is  exposed  in  this  district.  It  is  generally 
10  or  15  feet  thick,  and  is  not  calcareous  except  in  the  upper  portion. 
As  it  is  often  very  much  fractured  and  the  cracks  are  abundantly 
filled  with  carbonate  of  lime,  this  calcareous  character  may  be  due  to 
infiltration  from  the  limestone  above.  The  blue  and  vellow  shales 
below  are  also  seen  wherever  the  base  of  the  greenish  sandstone  is 
exposed. 

NIOBRARA   FORMATION. 

The  Benton  is  succeeded  by  the  Niobrara,  whose  prominent  char- 
acteristic is  its  calcareous  nature.  It  is  composed  in  small  part  of 
true  limestones,  but  the  greater  nuiss  is  made  up  of  calcareous  shales, 
while  considerable  portions  are  of  intermediate  character.  Its  thick- 
ness at  Fourmile  Canyon  is  a  little  more  than  400  feet. 

The  basal  stratum  of  com])act  limestone  rests  upon  the  greenish 
sandstone  which  is  at  the  top  of  the  Benton.  Occasionally  a  foot 
or  more  of  light-colored  marl  intervenes.  Below  the  Niobrara,  as 
pointed  out  above,  are  occasional  l)eds  of  similar  limestone  and  cal- 
careous shales  interlnnlded  with  noncalcareous  sandstones.  In  litho- 
logical  character  these  transitional  Ix^ds  re.^^mble  the  Benton  more 
than  the  Niobrara.  The  faunal  relations  are  not  de -isive.  It  is 
therefore  convenient  from  a  lit»ld  standpoint  to  adopt  the  above- 
named  horizon  as  the  dividing  line  between  the  Benton  and  the  Nio- 
brara because  of  the  sliarp  change  at  this  horizon  from  a  sandstone  to 
a  compact  limestone. 

BdMil  limeHtovc, — This  is  generally  about  15  feet  thick,  reaching 
a  probable  maxinuim  of  20  feet;  it  is  light  gray,  dolomitic,  and  very 
compact;  it  breaks  with  a  conchoidal  fracture.  Its  individual  beds 
mav  be  2  or  3  feet  thick  and  are  sometimes  sei^arated  bv  thin  lavers 
of  clay.  The  bedding  is  irregular  and  a  'Vfoot  bed  has  been  seen 
to  pinch  out  within  10  feet.  It  abounds  in  shells  of  I noccrannts  and 
has  also  some  dendritic  markings.  On  its  upper  side  it  passes  into 
the  calcareous  shales  through  an  alternation  of  thinner  limestone 
and  shale  l)e(ls.  These  thinner  limestone  beds  are  characteristicallv 
jointed  into  small  blocks  whosi*  edges  are  rounded,  and  \vh(»n  exposed 
in  the  (]uarry  the  bed  has  tiie  appearance  of  a  pav(»ment. 

The  basal  limestone  has  been  frecinently  overturned  (see  p.  50)  and 
has  been  nnich  crushed  by  lateral  stress.  In  outcrops  it  is  by  far  the 
most  prominent  stratum  bi'tween  the  Dakota  and  the  Lai-amie, except 
where  the  Hygiene  sandstone  makes  its  prominent  ridge. 

Shales. — Most  of  the  Niobrara  shales  are  dark  brown,  but  their  out- 
cropping edges  weather  light  gray,  sometimes  almost  white.    The  top- 
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most  beds,  Avhich  are  10  or  20  feet  thick,  are  of  a  much  lighter  brown, 
and  weathering  gives  to  them  a  characteristic  yellow  color.  Tliese 
are  highly  calcareous,  and  pass  at  plac^es  into  impure  limestones,  5  or 
G  inches  thick.  This  horizon  is  frequently  marked  by  a  ridge. 
Generally,  too,  about  midway  between  base  and  summit,  the  dark 
shales  which  weather  white  contain  harder  and  more  calcareous  beds, 
whose  outcrops  make  low  ridges  (PI.  V,  B).  Locally  these  also  are 
impure  limestones.  In  this  zone  are  beds  several  inches  or  even  a  foot 
thick  composed  entirely  of  Ostrea  conf/esfa  shells.  More  than  one  of 
such  zones  occur  at  places.  As  in  the  basal  limestone,  the  rock  has 
a  strongly  bituminous  odor  when  struck,  especially  where  fossils  are 
present. 

PIEBRE   FOBMATION. 

Color. — Above  the  Niobrara  are  the  Pierre  shales,  which  are  more 
than  5,000  feet  thick.  They  are  slate  colored,  leaden  gray,  dark 
brown,  and  sometimes  nearly  black.  Weathering  gives  to  them  a 
greenish-drab  hue,  Avhich,  at  any  considerable  distance  from  the  foot- 
hills, is  tlieir  color  to  a  depth  of  30  feet,  more  or  less.  It  is  therefore 
the  one  ordinarily  seen.  Near  the  base  of  the  formation,  however, 
just  in  front  of  the  hogbacks,  erosion  is  more  active  and  the  shales  are 
often  seen  with  their  original  dark  colors. 

LimeHtone  heds. — While  in  general  noncalcareous,  the  Pierre  has 
local  limy  IxhIs.  At  places  these  form  continuous  strata,  as,  for 
example,  4  miles  north  of  Boulder,  one-half  mile  east  of  the  contact 
with  the  Niobrara.  Here,  for  a  thickness  of  nearly  40  feet,  strong 
limestone  beds  are  so  closely  grouped  as  to  give  the  outcrop  the  ap- 
pearance of  the  basal  Niobrara.  At  other  places  the  limestone  Ixids 
are  smaller  and  more  isolated,  or  are  divided  into  concretionary 
masses  often  containing  fossils.  I^ess  prominent  calcareous  masses 
may  be  found  at  any  horizon  either  in  l)eds  or  in  more  or  k\ss  perfect 
concretions. 

Concentrations  of  iron  occur  in  similar  but  less  massive  forms, 
ranging  from  clear-cut  beds  to  well-formed  nodules.  The  lime  and 
the  iron  may  or  may  not  occur  in  the  same  concretionary  mass. 
Many  of  the  calcareous  nodules  mentioned  contain  much  iron  car- 
bonate, which,  in  progressive  oxidation  toward  the  center,  gives  rise 
to  sharply  marked  concentric  shells  differing  in  color. 

Hygiene  sandstone  memher. — Sandy  l)eds  may  occur  at  any  place 
in  the  section.  The  most  j)rominent  and  persistent  of  these  is  about 
one-third  way  up  from  the  base,  or  a  little  higher.  Its  outcrop 
is  chiefly  at  the  north  end  of  the  field,  where  it  forms  a  consid- 
erable  ridge,  though  disappearing  under  Table  Mesa.  Where  it 
reappears  north  of  this  broad  mesa  its  outcrop  again  forms  a  strong 
ridge,  which  is  almost  continuous  for  many  miles.    The  ridge  passes 
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Avithin  a  mile  and  a  half  of  the  village  of  Hygiene,  where  the  sand- 
stone is  typically  developed.  The  name  Hygiene  sandstone  has 
therefore  been  adopted  for  this  member  of  the  Pierre  formation. 
To  the  public  it  has  become  Avell  known  on  the  Culver  ranch,  G  miles 
southwest  of  Berthoud,  where  it  crosses  Little  Thompson  Creek  and 
w^here  a  seepage  of  oil  has  long  been  known.  At  its  outcrop  west  of 
Berthoud  it  has  a  thickness  of  several  hundred  feet.  At  the  north 
edge  of  the  area  described  in  this  report  it  has  a  thickness  of  250 
feet.  At  Bear  Canyon  is  an  isolated  outcrop  of  an  equally  promi- 
nent sandstone,  150  feet  thick,  which  is  probably  of  Hygiene  age. 

The  Hygiene  sandstone  is  thick  bedded  and  frequently  cross- 
bedded.  Much  of  it  is  dark  greenish  gray  and  gritty.  The  remain- 
der is  light  gray.  The  whole  is  calcareous  where  fresh.  It  loses  its 
lime  in  Aveathering,  takes  a  paler-greenish  tint,  and  becomes  friable. 
It  frequently  contains  carbonaceous  matter  resembling  small  sticks 
of  wood  turned  to  coal.  It  also  contains  fossils  of  invertebrates,  but 
its  fauna  is  not  yet  known  to  be  distinctive  of  this  horizon. 

Near  Boulder  the  Hygiene  sandstone  is  within  less  than  1,000  feet 
of  the  base  of  the  Pierre  and  is  itself  a  very  thin  stratum.  It  thick- 
ens  greatly  toward  the  north,  as  do  also  the  shales  which  lie  below 
it.  Five  miles  north  of  Boulder  the  underlying  shales,  which  are 
1,000  feet  thick  near  Boulder,  have  a  thickness  of  about  2,700  feet. 
Here  also  the  sandstone  begins  to  separate  into  two  strata  by  the 
coniing  in  of  a  shale  parting.  In  the  next  2  miles  this  intercalated 
shale  becomes  'JOG  or  300  feet  thick.  In  so  far  as  the  upper  sand- 
stone can  be  identified  north  of  Table  Mesa,  the  indications  are  that 
this  intervening  stratum  goes  on  thickening  to  the  north,  in  common 
with  other  strata. 

From  these  pure  sands  at  one  extreme  to  pure  clay  shales  at  the 
other,  the  Pierre  shows  all  gradations  in  composition.  The  sandy 
layers  are  generally  firm  and  gritty,  almost  as  dark  colored  as  the 
shales  themselves,  and  not  very  porous.  In  rare  instances  light- 
colored,  friable  sands  are  encountered  in  drilling  oil  wells. 

The  thickness  of  the  sandy  beds  is  as  variable  as  their  constitution, 
while  the  lateral  extent  of  such  beds,  as  indicated  bv  occasional  out- 
crops  and  by  the  records  of  wells,  is,  in  a  large  majority  of  cases,  a 
small   fraction  of  a  mile.     Some  of  these  beds  may  be  lenses,  but 

ft' 

doubtless  the  more  common  mode  of  lateral  limitation  of  the  sands 
is  by  a  gradual  change  in  composition  of  the  beds  into  the  shales. 
Such  beds  are  found  at  irregular  depths.  As  some  of  them  disap- 
pear and  others  come  in,  their  depths  vary  greatly  from  pjace  to 
place. 

The  upper  division  of  the  Hygiene  sandstone  is  characterized  by 
large  cah'areous  concretions  several  feet  in  diameter.  AVhere  the  out- 
crop appears  as  a  Jqw  ridge  or  only  a  stony  band,  these  concretions. 
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crumbling,  form  isolated  rocky  patches  of  angular  fragments,  fre- 
quently showing  fossils.  The  exposures  of  beds  of  this  description 
in  or  near  the  area  described  in  this  report  are  insufficient  for  the 
correlation  of  their  outcrops,  or  even  for  the  determination  of  their 
number.  It  seems  necessary  to  assume,  however,  that  there  is  more 
than  one  bed,  and  it  is  probable  that  the  beds  occur  at  any  horizon 
and  are  of  very  limited  lateral  extent.  The  upper  division  of  the 
Hygiene  sandstone  is  here  given  as  a  typical  case,  except  that  it  has 
far  greater  continuity  than  others  of  its  kind.  Whatever  may  be 
true  of  these  calcareous  beds,  the  sandy  beds,  except  the  main  stratum 
described  above,  are  distributed  through  the  column  of  shales  at 
irregular  intervals  and  are  generally  of  small  extent. 

FOX   HILLS  FORMATION. 

Within  the  limits  of  this  area  the  great  body  of  the  Fox  Hills  is 
but  indefinitely  distinguished  from  the  Pierre.  In  mild  contrast 
with  the  latter  its  shales  are  yellowish  instead  of  slate  colored,  and 
are  also  more  arenaceous.  This  latter  quality  is  plainly  shown  in  the 
soil  produced.  At  some  places  the  transition  zone  spoken  of  by 
Eldridge  «  as  marked  by  "  limestones  and  small  ferruginous  nodules  " 
is  plainly  seen.  No  attempt  has  been  made  to  trace  on  the  accompa- 
nying map  the  contact  between  these  two'  formations,  as  definite 
points  of  contact  are  infrequent  and  separation  of  the  areas  of  the  two 
terranes  in  a  detailed  way  must  in  fact  rest  largely  on  the  character 
of  the  soils.  This  distinction  is  frequently  masked  by  outwash  from 
the  foothills. 

The  topmost  stratum  of  the  Fox  Hills  is,  however,  a  very  definite 
feature  in  the  stratigraphy.  For  many  feet  below  it  there  are  occa- 
sional sandstone  beds,  and  the  intervening  shales  are  highly  sandy, 
but  at  the  top  is  a  continuous  bed  of  sandstone  40  feet  thick. 
It  is  best  exemplified  just  east  of  the  area  mapped,  where  a  fine  fault 
brings  it  up  to  view  alongside  the  basal  Laramie.  The  sandstone  is 
here  fine  grained  and  yellow,  very  slightly  calcareous,  and  incloses 
great  calcareous,  iron-stained  concretions.  The  entire  thickness  of 
the  Fox  Hills  near  Niwot  is  about  1,300  feet. 

LABAMIE   FORMATION. 

The  Laramie  outcrops  in  the  southeast  comer  of  the  area.  Within 
the  limits  here  defined  this  formation  consists  essentially  of  (1) 
sandstones  at  the  base,  (2)  sandstones  alternating  with  shales  and 
coal  overlying,  (3)  sandstones  above  the  coal,  and  (4)  clays  contain- 
ing isolated  sandstone  beds  and  lignitic  streaks. 

•  Mon.  II.  8.  Geol.  Survey,  vol.  27,  p.  71. 
Bull.  265—05  M 3 
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Riixn}  sandsfoiii'8. — The  luisiil  smulstoiu's  arc  exposed  at  Vftrioua 
places  ill  the  Marshall  coal  fiehi,  but  best  of  all  at  White  Rocks,  on 
the  eastern  border  of  the  area  mapped.  Here  the  bold  sandstone 
escarpment  comprises  two  distinct  and  massive  l>eds,  whose  topo- 
graphic effect,  however,  is  that  of  «  single  stratum  continuous  with 
the  Fox  Hills  sandstone  beneath.  The  lower  Laramie  sand^one 
is  40  feet  thick,  equaling  the  underlying  Fox  Hills  sandstone,  while 
between  the  two  are  a  few  feet  of  thinly  laminated  sandstones, 
varying  to  a  lignitic  diale.  T)m  second  and  thicker  stratum  of 
Laramie  is  separated  from  the  first  by  gray,  shaly  sands,  inclosing 
10  inches  of  lignitic  shale  and  above  it  10  inches  of  coal. 

Both  Laramie  beds  are  clearly  distinguished  from  the  Fox  HiUs 
by  their  gray  or  white  color  and  coarwr  grain.  They  are  composed 
of  coarse  quartz  sand,  and  in'  addition  always  show  some  black 
specks  of  an  imd^«rmined  mineral.  Hie  two  sandstones  differ  in 
the  following  respects:  The  upper  is  distinctly  whiter  and,  where 
exposed  along  bedding  planes  (and  to  a  less  d^^ree  on  fracture 
planes),  the  surface  is  marited  by  weathered-out  cradis,  making 
polygonal  patterns  a  few  feet  across.  Both  strata  are  weakly 
cemented  and  noncalcareous,  but  contain  giant  concretions  which 
are  very  calcareous,  hard,  ^d,  on  weathered  surfaces,  are  stained 
brown  with  iron  oxide.  ' 

Beds  associated  with  the  coal. — ^The  75  feet  of  thinner-bedded  sand- 
stones above,  containing  some  shale  and  coal,  are  best  seen  at  Marshall. 
The  shales  occur  at  frequent  intervals,  and  are  often  lignitic.  The 
one  workable  coal  seam  is  sometimes  at  the  top  of  this  division,  but 
again  is  overlain  by  5  or  10  feet  of  shales  and  thin  sands;  all,  how- 
ever, lie  below  the  more  persistent  sandstone  referred  to  under  (3) 
above."  Aside  from  the  coal  seam,  no  horizon  above  the  basal  sand- 
stones is  more  definite  than  the  Ostrea  glabra  zone,  which  occurs  15 
or  20  feet  from  the  base  of  the  series. 

The  sandstone  above  the  coal  is  not  unlike  the  second  massive  bed 
above  the  bottom.  It  weathers  into  the  same  angular  patterns,  and 
has  the  same  appearance  in  the  hand  specimen.  Its  thickness  is 
from  8  to  15  feet.  The  overlying  clays,  as  shown  in  this  area,  are 
yellow  and  purple,  and  have  frequent  lignitic  bands  but  no  coal,  at 
least  within  the  limits  of  the  area  covered  by  the  map. 

QUATERNAHY   DEPOSITS. 

There  are  no  deposits  younger  than  Laramie  except  the  uncom- 

pacted  mantle  rock.     This  is  the  coarse  mesa  gravel  (see  p.  14),  or 

finer  alluvium,  similar  to  the  deposit  formed  by  the  present  streams. 

•Tbe  BaadstoDe  "  C  *'  of  EldridRp.  op.  clt.,  p.  74  ;  alio  p.  346. 
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In  the  eastern  part  of  the  area,  especially  in  the  northeastern 
corner,  are  patches  of  loam  which  plainly  belong  to  the  western 
margin  of  the  great  sheet  which  covers  the  surface  a  little  farther 
east.  This  is  the  "  loess  "  of  Hay  den  and  Aughey  <"  and  of  Emmons/ 
Just  what  relation  these  patches  bear  to  the  "  Plains  marl  "  of  Hay,*' 
or  the  great  silt  body  of  the  Plains  Tertiary,*  was  not  determined  on 
account  of  the  narrowness  of  the  area  studied. 

The  whole  surface  east  of  the  foothills  is,  in  a  large  way,  a  patch- 
work of  stream  terraces.  The  oldest  surficial  deposits  are  highest 
and  farthest  from  the  larger  streams,  and  there  is  a  decrease  in  age 
from  those  at  the  top  of  Haystack  Mountain  to  the  recent  alluvium. 
No  other  time  scale  is  suggested  by  the  phenomena  of  this  portion 
of  the  plains  than  that  based  on  relative  altitude  and  distance  from 
streams.  In  large  part,  at  least,  these  deposits  are  of  Pleistocene  age, 
though  the  time  of  their  beginning  is  not  definitely  fixed. 

IGNEOUS  ROCKS. 

The  igneous  rocks  are  of  interest  chiefly  with  reference  to  their 
manner  of  occurrence  and  relations  to  the  deformation  of  the  sedi- 
nientaries,  rather  than  to  their  character.  Constituent  minerals  and 
rock  textures  are  therefore  given  very  brief  and  summary  mention. 

ROCKS   OF   THE   ARCHEAN    AREA. 

The  Archean  rocks  are  in  general  granite  and  granite-gneiss.  The 
texture  is  generally  coarse  and  the  color  very  frequently  pink  on 
account  of  the  pink  orthoclase  contained.  These  rocks  are  cut  by 
numerous  dikes,  which  are  of  all  sizes  up  to  a  maximum  of  many 
miles  in  length  and  50  or  more  feet  wide.  Their  texture  is  as  varied 
as  the  dimensions  of  the  dikes.  In  direction  the  larger  dikes  show 
a  tendency  to  approximate  parallelism  with  the  foothill  outcrops — 
that  is,  with  the  axis  of  the  foothill  monocline.  They  would,  how- 
ever, if  prolonged  to  the  south,  meet  the  foothill  belt  at  a  small 
angle.  Their  most  prominent  direction,  therefore,  is  more  nearly 
that  of  the  axes  of  the  echelon  folds  which  branch  out  from  the  foot- 
hills. This  comparison  of  the  general  directions  of  two  sets  of  fea- 
tures of  difTerent  age  is  used  as  a  mere  convenience  in  description; 
it  is  not  intended  to  affirm  a  genetic  relation. 

One  of  these  dikes  passes  through  Orodell,  2  miles  west  of  Boulder. 
It  pmsses  up  the  valley  of  Fourmile  Creek  for  a  mile  north  of  that 

•  ElRhth  Ann.  Kept.  II.  S.  Geol.  and  Oeog.  Surv.  Terr.,  1874.  pp.  245-2;15. 

*Mon.  U.  S.  (Jeol.  Survey,  vol.  27.  1896.  p.  201. 

'Water  reHouroes  of  a  portion  of  the  Great  Plains:  Sixteenth  Ann.  Rept.  U.  8.  Oeol. 
Survey,  pt.  L'.  181).->.  p.  570. 

<<  Johnson,  W.  I)..  The  High  Plains  and  their  utilization :  Twenty-first  Ann.  Hept.  U.  8. 
Oeol.  Survey,  pt.  4,  1001,  p.  653. 


86  GBOLOOT  OF  THB  BOTJIiDEB  DIBTBICT,  GOLOBADO.     [bull.  266. 

point  and  goes  far  to  the  north-nortiiwest.  Its  southern  end  is 
somewhat  interrupted,  but  its  graeral  course  is  in  line  with  that  of 
the  Oreen  Mountain  fault  (p.  46).  The  ^^  Hoosier  dike,'*  of  the  same 
kind,  lying  2  miles  farther  west,  is  even  larger  and  more  continuous. 

INTBUSIVES  OF  THB  FOOTHILLS. 

In  the  sedimentaries  the  intrusion  is  commonly  in  the  form  of 
sheets.  There  are  also  series  of  apparently  disconnected  bosses,  but 
these  are  ranged  in  lines  following  the  strike  of  the  strata,  three  or 
four  appearing  at  alxnit  the  same  horizon  within  a  mile. 

There  are  here  no  intrusives  in  the  foothills  south  of  Gregory  Can- 
yon. Within  the  narrow  limits  of  the  area  mapped,  at  least,  such 
intrusion  is  limited  to  the  areas  of  complex  folding — ^that  is,  it  shows 
a  marked  association  with  tehelon  folding.  The  greatest  sheets 
occur  at  the  north  end,  where  such  foldinir  is  shown  on  the  largest 
scale.  In  view  of  the  association  of  cer^in  intrusiye  rocks  ^h 
small  deformations,  the  presence  of  similar  rocks  beyond  the  limits 
of  the  area  here  described  may  well  be  noted  and  taken  tentatively 
as  a  suggestion  of  the  presence  of  folds.  The  large  importance  of 
these  minor  folds  in  the  structure  of  the  adjacent  oil  field  gives 
significance  to  such  associated  features.     (Compare  p.  93.) 

SUNSHINE  DIKE. 

A  large  dike,  1  mile  long  and  from  15  to  40  feet  wide,  follows  the 
south  side  of  Sunshine  Canyon.  A  short  distance  beyond  its  wastern 
end  is  a  similar  dike  that  runs  north-northwest  parallel  to  the  Orodell 
pegmatite  dike  for  a  mile  and  then  trends  northwest  in  an  irregular 
course  to  the  Orodell  dike.  The  small  interruption  may  be  dis- 
regarded, and  both  dikes  are  here  called  the  Sunshine  dike.  This 
dike  is  crooked  and  branching,  and  at  places  there  are  two  or  three 
parallel  dikes,  as  if  the  main  one  were  subdivided.  The  rock  of  this 
dike  has  a  dense  greenish-gray  felsitic  groundmass.  It  contains 
phenocrysts  of  quartz,  feldspar,  and  mica,  any  of  which  may  be  one- 
fourth  of  an  inch  in  diameter.  The  proportion  of  the  volume  of 
phenocrysts  to  that  of  the  groundmass  varies  greatly.  Locally  the 
phenocrysts  may  constitute  half  the  rock. 

FLAGSTAFF   SHEET. 

On  the  east  side  of  Flagstaff  Hill  and  near  the  base  of  the  red 
rock  is  an  intrusive  sheet  of  the  same  character  as  the  Sunshine  dike. 
It  extends  north  from  Gregory  Canyon  to  within  half  a  mile  of 
Boulder  Creek.  North  of  that  stream  the  sheet  reappears  at  the  same 
horizon,  and  continues  a  mile  to  the  north.  Its  greatest  width  is  at 
least  40  feet    The  exact  contact  on  its  east  side  is  seen  in  the  Silver 
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Ijake  (Htch,  one-fourth  mile  north  of  Boulder  Creek,  The  red  rock 
has  here  been  greatly  altered  by  the  heat  and  both  rocks  have  been 
much  weathered  by  spring  water  following  the  contact. 


Fia.  2. — Uap  ihowlng  dikes  and  IntruBlre  sheels  west  ot  Boulder.     By  Huuh  i'-  W 


At  the  north  end  of  Huggins  Park  is  a  small  offshoot  from  the 
main  Flagstaff  intrusion,  or,  it  may  be,  merely  a  dislocated  portion 
of  the  larger  mass  involved  in  the  eastward  slipping  of  the  red  rock. 
Just  below  the  Huggins  Park  intrusion  is  an  exposure  of  the  Dakota 
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sandstones  and  shalj  sands,  appanmtly  jaltered  by  heat.  On  this 
aocount  it  is  presumaUe  that  this  sam3l  intrusion  followed  a  separate 
fissure  which  oonduiOted  it  to  a  h]|^£er  horizon  than  that  of  the  larg^ 
dieet  on  the  west. 

vanaisY  OAmton  shkit. 

A  large  sheet  of  rock  siinilar  to  that  at  Slagrtaff  is  intruded  in  the 
red  rock  in  IRmnely  Canyon,  a  western  tributary  to  Lykins  Canyon, 
at  the  north  end  of  the  area  mapped.  This  is  fully  80  feet  thick 
and  has  thorou^y  baked  the  including  strata,  of  arkose  sandstone, 
giving  them  a  black  color  and  a  siUceous  appearance.  Minor  beds 
and  pockets  of  shale  in  the  sandstone  have  been  much  more  affected 
by  tiie  heat  than  the  latter.  Pbckets  of  shale  are  baked  and  black- 
ened  where  the  induding  feldspathic  sandstone  is  unchanged. 

AXOONA  8BXET. 

A  largi^  shert  of  ihe  same  naJfcure,  having  at  places  a  width  of  100 
feet,  oecurs  at  or  near  the  base  of  tiie  Lykins,  above  the  Lyons  sand- 
stone and  below  the  ocherous  shales.  The.  exposure  of  this  sheet 
begins  at  a  point  west  of  Altona  and  extends  2  miles  to  the  north 
without  interruption.  For  much  of  its  l^igth  it  forms  a  prominent 
ridge  on  the  floor  of  the  large  longitudinal  valley  which  has  been 
cut  out  on  the  Lykins  shales. 

South  of  Altona  a  20- foot  sheet  of  the  same  rock  is  intrusive  near 
the  top  of  the  Lykins.  The  sandy  shales  have  been  greatly  altered 
by  heat.  Their  color  has  changed  from  red  to  black,  and  some  of 
the  shales  so  strongly  resemble  lavas  that  they  might  tfe  mistaken 
for  such  if  gradations  were  not  apparent.  The  contacts  of  this 
sheet  are  far  from  regular,  the  magma  having  run  out  in  small 
branches,  sometimes  surrounding  blocks  of  the  country  rock. 

All  of  these  sheets  are  similar  in  character  to  the  Sunshine  dike 
described  above,  though  varying  greatly  in  details  of  texture.  All 
are  distinctly  porphyritic,  though  the  proportion  of  phenocrysts  to 
the  entire  mass  is  subject  to  much  variation.  The  very  fine-textured 
groundmass  is  characteristically  green  or  greenish  gray,  giving  color 
to  the  whole  rock. 

INTHUSIYE  ROOKS  IN  THE  DAKOTA  AND  BENTON. 

The  Dakota  contains  intrusives  at  various  places  in  the  northern 
part  of  the  area.  In  Sixmile  Canyon  there  are  three  sheets  with  an 
average  thickness  of  10  feet,  and  the  same  rock  appears  at  intervals 
for  2  miles  farther  north.  It  appears  in  sheets  at  various  places  in 
sec.  25,  T.  2  N.,  R.  71  W.  On  the  north  side  of  sec.  36  of  the  same 
township  it  occurs  as  a  boss  which  has  greatly  altered  the  Dakota 
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rocks  which  it  intrudes.  The  intrusives  in  the  Dakota  and  those  in 
the  Benton,  which  are  very  similar,  differ  little,  except  in  color,  from 
those  in  the  older  strata.  Those  in  the  Dakota  and  Benton  are  a  dull 
gray. 

A  line  of  bosses  occurs  near  the  base  of  the  Benton  shales.  The 
most  northerly  and  largest  one  is  in  sec.  25.  This  irregular  mass, 
together  with  the  dike  which  runs  eastward  from  it,  traverses  almost 
the  entire  width  of  the  Benton  strip,  which  is  nearly  one-half  mile 
wide  at  this  place.  This  fissure  crosses  one  of  the  most  prominent 
of  the  echelon  folds  of  the  foothills.  (See  fig.  3,  p.  44.)  The  largest 
boss  is  centrally  located  in  a  group  of  such  folds. 

INTRUSIVE  BOCKS  IN  THE  NIOBBABA  AND  PIEBBE. 

Near  the  contact  of  the  Niobrara  and  the  Pierre  and  within  a  mile 
north  of  Boulder  is  a  line  of  small  volcanic  knolls.  The  igneous 
rock  which  forms  these  knolls  may  be  seen  at  four  places.  It  occurs 
at  the  Colorado  Sanitarium,  near  the  mouth  of  Sunshine  Canyon, 
at  the  base  of  the  Niobrara.  At  this  place  it  was  thrown  out  from  a 
small  excavation  and-  does  not  cause  any  topographic  feature.  One- 
fourth  of  a  mile  to  the  north  it  makes  a  low  knoll  500  feet  in  diame- 
ter extending  across  the  Niobrara  and  into  the  Pierre.  A  second 
and  similar  knoll  occurs  600  feet  farther  north,  this  one  being 
entirely  within  the  Pierre.  A  little  north  of  the  middle  of  sec.  24, 
T.  1  N.,  R.  71  W.,  is  another  knoll,  similar  in  every  way  to  the  other 
two. 

No  sheet  connecting  these  four  masses  has  been  found,  but  as  they 
are  ranged  along  the  strike  of  the  strata  and  are  all  composed  of  the 
same  rock,  they  belong  undoubtedly  to  a  common  magma,  which  at 
this  horizon  became  separated  along  at  least  four  lines  of  slight 
resistance.  The  rock  at  this  highest  horizon  contains  comparatively 
few  crystals.  Large  masses  of  it  are  nearly  white,  purely  felsitic 
lava. 

DIFFEBENCES  IN   FOBM.  OF  INTBUBI0N8. 

From  the  Fountain  sandstone  to  the  shales  of  the  Pierre  the 
sheets  become  progressively  more  irregular  in  continuity  and  thick- 
nass.  The  thickness  of  the  sheets  is  almost  uniform  throughout  the 
Fountain  sandstone,  but  varies  in  the  Lykins.  In  the  Dakota  the 
intrusive  sheets  have  but  limited  extent  and  there  is  a  strong  tendency 
for  the  igneous  masses  to  be  concentrated  into  bosses.  In  the  Benton 
such  localization  is  the  rule.  All  the  intrusives  in  this  formation 
appear  now  as  isolated  knolls,  except  in  the  one  instance  described 
above,  where  a  dike  runs  eastward  from*  the  largest  of  such  knolls. 
In  the  Niobrara  and  Pierre  all  igneous  rocks  appear  as  completely 
isolated   and   well-spaced   knolls  with  no  evidence  of  connecting 
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sheets.  The  association  of  all  these  igneous  rocks  with  the  ^helon 
folds  suiQgests  that  both  the  intrusion  and  the  f<^ding  occurred 
during  the  same  process— that  is,  during  the  formation  of  the  great 
foothill  monocline. 

TALMONT  DIKE. 

Ibe  basic  igneous  rocks  of  this  area  are  represented  by  only  one 
prominent  formation — ^the  Valmont  dike.*  This  is  a  great  mass  of 
dolerite.  Both  its  occurrence  and  its  petrographic  character  have 
becm  described  in  detail  by  Whitman  Cross.^  It  has  a  maximum 
width  of  45  feet  and  an  extreme  length  of  nearly  3  miles,  though  it 
is  not  uninterrupted.  From  the  village  of  Valmont  it  extends  east 
by  north  uninterruptedly  1  mile  and  as  a  series  of  knolls  for  another 
mile.  For  1  mile  west  of  Valmont  it  does  not  appear,  but  at  that 
distance,  in  an  almost  straight  line  with  its  course,  is  a  knob  of  the 
same  rock.  The  main  portion  forms  a  ridge,  which  rises  at  Valmont 
more  than  200  feet  above  Boulder  Creek,  but  which  is  now  being  cut 
away  for  road  material. 

This  dike  is  of  an  even-grained  dolerite,  divided  into  large  blocks 
by  joints  wHich  run  parallel  and  transverse  to  its  length.  Within  a 
few  inches  or  %  foot  of  its  walls  the  rock  may  be  divided  into  iMn 
plates  by  numerous  joints  parallel  to  the  bounding  surface  In  a 
very  narrow  zone  next  to  the  contact  the  rock  may  have  a  lava-like 
appearance,  but  at  a  distance  not  greater  than  a  very  few  inches  the 
characteristic  uniform  texture  of  the  dike  appears. 

The  stratified  rocks  containing  this  dike  are  (except  in  case  of  the 
isolated  knoll  to  the  west)  the  Fox  Hills  shajes.  There  is  nothing 
more  striking  in  the  whole  occurrence  than  the  small  degree  of 
alteration  which  these  shales  hav«  undergone.  Beyond  a  very  little 
hardening  it  can  not  be  said  that  they  have  been  changed  at  all. 
In  this  inference,  however,  the  subsequent  weathering  is  not  con- 
sidered. The  vicinity  of  the  contact  has  doubtless  been  subject  to 
the  work  of  percolating  water.  Along  the  vertical  joints  of  the 
dike  near  the  contact  there  have  been  much  weathering  and  some 
deposition  of  calcite. 

It  is  inferred  by  Cross  ^  that  this  dike  "  represents  a  channel 
through  which  the  basaltic  magma  rose  to  the  surface;"  that  this 
eruption  occurred  during  the  Denver  epoch;    and  that  strata,  since 

*  One-half  mile  north  of  Green  Mountain  there  Is,  surrounded  by  the  granite,  a  small 
Isolated  mass  of  a  peculiar  nearly  black  Igneous  rock,  with  large  phenocrysts  of  several 
kinds.  This  knob  was  located  and  specimens  were  collected  from  It  by  Mr.  Hugh  F. 
Watts,  to  whom  the  writer  Is  Indebted  for  information  and  specimen.  The  rock  Is  unlike 
tnj  other  known  within  the  area. 

•Bull.  U.  S.  Geol.  Survey  No.  150.  1898,  p.  261;  also  Geology  of  the  Denver  basin: 
Hon.  U.  S.  Geol.  Survey,  vol.  27,  1896,  pp.  280  and  298. 

'  Bull,  clt,  p.  261. 
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denuded,  made  the  surface  of  the  ground  about  2,000  feet  higher 
then  than  now.  The  nearly  complete  uniformity  of  texture  from 
wall  to  wall  is  taken  to  indicate  that  the  magma  cooled  at  a  very 
uniform  rate  and  that  the  adjacent  shales  had  been  thoroughly 
heated  by  long-continued  passage  of  lava. 

At  Burnt  Knoll,  3  miles  northeast  of  Marshall,  are  rocks  which 
bear  a  remarkable  resemblance  to  lavas.  The  zone  characterized  by 
this  appearance  is  horizontal  and  confined  to  the  top  of  the  hill, 
though  much  of  the  material  has  rolled  down  and  now  clothes  the 
sides.  Apparent  injection  among  fragments  of  baked  shale  is  the 
most  common  phenomenon,  but  nothing  of  undoubted  volcanic  origin 
has  been  found.  The  coal  beneath  the  hill  is  nowhere  affected  by 
heat.  Gradations  from  the  most  lava-like  appearance  to  ordinary 
shale  indicate  that  the  phenomena  are  due  to  heat  alone  and  not  to 
injection.  Doubtless  the  heat  came  from  the  burning  of  associated 
coal  beds,  probably  ignited  by  prairie  fires." 

STRUCTURE. 

FOOTHILL  MONOCLINE. 

% 

The  master  structural  feature  of  this  region  is  the  great  upturn  of 
the  strata  against  the  mountain  range.  The  form  and  magnitude  of 
this  fold  appear  most  striking  when  the  Archean  surface  alone  is 
considered.  As  shown  under  the  heading  "  Physiography,"  the 
first  Archean  belt  west  of  the  foothills  is  a  dissected  plateau  10  to  12 
miles  wide,  which  slopes  east  and  abuts  against  the  mountain  ridge 
proper  on  the  west.  It  is  from  6,500  to  7,000  feet  above  sea  level  at 
its  eastern  edge,  where  it  ends  abruptly  and  is  flanked  by  the  Foun- 
tain sandstone,  which  has  an  average  dip  of  about  50°.  The  height 
of  this  sloping  face  above  the  plains  is  nearly  1,000  feet,  but  this  is 
a  small  fraction  of  the  true  height  of  the  monocline.  Five  miles 
east  of  the  base  of  the  foothills  the  Archean  surface  is  at  least  9,500 
feet  below  the  surface  or  4,200  feet  below  the  level  of  the  sea.  The 
real  face  of  the  granite  plateau  is  therefore  about  2  miles  high,  and 
this  enormous  rise  is  accomplished  in  6  miles.  These  figureis  repre- 
sent merely  the  measured  thicknesses  of  strata  outcropping  in  the 
first  5  miles  from  the  foothills.  They  do  not  take  into  account  the 
possible  thinning  or  thickening  within  that  distance,  nor  the  prob- 
able presence  of  other  beds  overlapped  by  those  exposed. 

The  granite  plateau  on  the  west  shows  no  evidence  of  any  deforma- 
tion since  its  elevation  above  base-level.  The  uplift  therefore  resulted 
in  the  formation  of  an  almost  simple  monocline  not  less  than  2  miles 
high  and  6  miles  wide.     But  it  does  not  follow  that  this  flexing 

a  See  also  Eldridge,  op.  cit.,  p.  75 
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%a8  broij^t  about  <«Miit«ly  by  the  ^moantain-iiiaking  foroes.  In 
fact,  th&^gneater  part  of  it  was  appar^tly  accomplished  while  the 
tluyck  f  <mnations  were  being  deposited  to  the  east  and  land  continued 
to  the  west  When  die  topmost  marine  stratum,  the  Fox  Hills,  was 
laid  down  in  the  shallow  wato*,  the  eleiration  of  its  surface  probably 
differed  little  frcmi  that  of  the  granite  terrane  to  the  west  The  same 
statement  would  be  f airiy  correct  for  the  lowest  stratum  of  the  Foun- 
tain sandstone  during  its  d^iosition,  and  for  any  intervening  bed. 
While  at  any  time  during  the  long  process  of  sedimentation  the  last- 
laid  stratum  was  approximately  horizontal  and  dose  to  the  sea  level, 
the  originally  (nearly)  horizontal  granite  base  was  getting  constantly 
lower,  and  its  eastward  or  seaward  dip  near  shore  was  correspond- 
ingly increased. 

It  follows  from  the  above  that  before  the  present  Bocky  Mountains 
were  formed,  and  while  the  area  now  included  in  thotn  was  close  to 
the  sea  level,  there  had  been  produced  a  monoclinal  fold  whose  height 
was  but  little  less  than  that  which  would  now  appear  in  the  granite 
surface  if  the  sediments  were  removed.  This  conclusion  involves  no 
hypothetical  premise  except  the  generally  accepted  continuance  of 
land  conditions  on  the  site  of  the  Front  Bange  of  the  Bocky 
Mountains. 

In  determining  the  hei^t  of  the  monocline  it  must  be  remembered 
that  the  land  surface  on  the  west  was  constantly  being  lowered  by 
erosion.  Occasional  or  continuous  uplift  was  necessary  in  order  to 
furnish  the  material  for  the  sedimentary  formations.  The  amount 
of  flexing  is,  therefore,  the  sum  of  the  subsidence  of  9,500  feet  on  the 
east  and  an  unknown  elevation  on  the  west.  This  rising  on  the 
west  might  even  be  equal  to  the  sinking  on  the  east,  hence  the  actual 
height  of  the  flexure  is  but  partially  represented  by  the  2-mile 
vertical  interval  between  the  exposed  surface  of  the  Archean  west  of 
the  foothills  and  its  buried  surface  under  the  plains.  The  total 
amount  of  flexing  is  equal  to  the  offset  that  would  appear  if  the 
denudation  west  of  the  hinged  shore  line  had  not  taken  place  and  the 
sedimentary  formations  east  of  that  line  were  removed. 

If  the  above  statements  are  correct  the  influence  of  actual  moun- 
tain making  in  increasing  the  height  of  this  monocline  was  compara- 
tively small.  It  is,  however,  conceivable  that  an  east-west  compress- 
ive force  may  have  accentuated  the  fold  along  the  steepest  part  of 
its  slope,  thus  tending  to  narrow  the  belt  of  dipping  strata,  while 
their  dip  was  at  the  same  time  steepened.  The  slope  of  the  monocline 
previous  to  the  mountain  uplift  can  not  be  determined  unless  the 
shore  line  is  definitely  located,  which  is  probably  impossible.  No 
reason  appears  in  this  area,  however,  for  departing  from  the  com- 
mon assumption  that  the  sea  did  not  cover  the  line  which  is  now 
the  axis  of  the  Front  Range  and  which  lies  a  few  miles  to  the  west 
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It  is  not  conceivable  that  mere  sinking  under  an  increasing  load  of 
sediments  should  have  folded  the  rocks  so  sharply  or  along  a  belt  so 
narrow  as  the  present  monocline;  yet  the  height  of  the  flexure  is 
mainly  due  to  that  cause.  It  is  only  in  association  with  the  last  and 
smaller  part  of  the  deformation  that  lateral  compressive  force  is 
evident.  The  process  of  mountain  making  gave  to  the  granite  plateau 
west  of  the  foothills  a  comparatively  small  relative  uplift  above  the 
plains. 

6CHELON  FOLDS. 

Other  definite  effects  of  lateral  compression  are  seen  in  a  special 
type  of  folding  known  as  ''  echelon,''  which  at  places  accompanies  the 
foothill  uplift.  Such  folding  indicates  that  there  was  a  north-south 
pressure  in  addition  to  the  dominant  east-west  pressure.  The 
resultant  stress  was  in  lines  a  little  north  of  east  and  south  of  west, 
causing  folds  whose  axes  diverge  slightly  from  the  foothill  belt,  and 
trend  south  by  east.  Within  this  area  such  folds  are  all  small. 
In  general,  however,  such  folds  are  larger  in  the  younger  and  eastern- 
most strata.  They  are  largest  in  the  Pierre,  become  less  and  less 
marked  to  the  west,  and  almost  die  out  by  the  time  the  Fountain 
sandstone  is  reached.  This  general  rule  is  not  without  its  exceptions, 
because  the  size  of  such  folds  is  also  in  a  measure  dependent  on  the 
strength  of  the  strata  affected.  They  are  therefore  larger  and  rather 
more  prominent  in  the  weaker  Jurassic  than  in  the  stronger  Dakota 
above  it.  Wherever  a  stratum  of  some  strength  is  thus  folded  the 
end  of  the  canoe-shaped  synclinal  trough  shows  a  distinct  eminence. 
All  the  echelon  folds  are  shown  on  the  geologic  map  (PL  II). 

FOLD   NEAR   SOUTH   BOUIJ>ER   CANYON. 

The  fchelon  fold  affecting  the  lowest  strata  occurs  a  mile  north  of 
South  Boulder  Canyon.  Here  the  top  of  the  i*ed  rock  is  offset  1,000 
feet  to  the  west  on  the  south  side  of  a  small  stream  as  compared  with 
the  north  side.  The  younger  strata  to  the  east  are  less  and  less 
affected,  so  that  the  Dakota  is  offset  but  500  feet  and  the  Niobrara  is 
not  folded  at  all.  The  location  of  the  fold  is  significant,  being,  as 
it  is,  at  the  extremity  of  the  South  Boulder  fault.  The  two  are  but 
different  phases  of  the  same  feature  and  are  due  to  the  same  act  of 
deformation,  only  the  style  of  deformation  differs. 

FOLD  SOUTH  OP  POURMILB  CANYON. 

One^half  mile  south  of  Fourmile  Gulch  a  mild  tendency  to  this  type 
of  folding  shows  itself  in  a  strong  southwest  trend  of  the  Dakota 
hogback,  which  makes  a  jog  of  some  400  feet  from  its  otherwise 
unifonu  course.     In  diminishing  degree  this  fold  can  be  traced 
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Dort^-DorUivest  snd  sonth-soutlieast  to  the  Jurassic  and  Benton, 
respM^vely. 

rou)  IN  nc.  26,  6  hilh  hobth  of  boueaer. 
A  lai^  numbw  of  small,  well-developed  folds  of  this  kind  appear 
in  sees.  86  and  25,  6  miles  nortli  of  Boulder.    In  the  west  half  of 
sec.  26  a  prominent,  bald, 


rounded  hill  rises  several 
hundred  feet  above  tjie 
crest  of  the  Dakota  ridge, 
which  at  this  place  is  broad 
and  less  distinctly  marked 
than  usual,  though  not 
lower.  Here,  for  a  short 
distance,  the  ridge-making 
robk  is  not  the  Dakota,  bot 
the  strong,  pnrpBsh  sand- 
stone in  the  Morrison.  The 
rounded  hill  mentioned  is 
at  the  end  of  a  canoe-shaped 
structural  trough  in  this 
Sandstona  (See  fig.  S.> 
iEsst  of  it,  in  the  same 
stratum,  is  a  well-deline- 
ated anticline,  with  an  axis 
pointing  south  by  east, 
thus  diverging,  slightly 
from  the  main  trend  of  the 
outcrop.  The  exposed  edge 
of  this  stratum  first  runs 
north,  turns  around  the 
synclinal  hill,  loops  back  to 
the  south  for  a  third  of  a 
mile,  and  then  turns  north 
again  around  the  anticline. 
All  the  beds  of  the  Jurassic 
and  those  adjacent  are 
strongly  affected  in  Himilar 
manner.  In  a  direction  north  by  west  the  fold  affects  the  Fountain 
sandstone  for  a  number  of  miles,  flattening  its  eastward  dip  of  nearly 
30°  to  7°  or  8°  alcmg  the  line  of  the  fold.  It  is  largely  due  to  this 
flattening  of  dip  that  the  outcrop  of  the  Fountain  sandstone  is  so 
greatly  broadened  at  the  north  end  of  the  area  mapped.  The  effect 
on  this  formation  is  also  seen  in  the  northeast  trend  of  its  eastern 
boundary,  west  of  Altona. 


Fin.  8.— Map  or  seci.  2S  sad  36,  T.  2  N.,  B.  1 
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Near  the  northern  line  of  sec.  25  the  upper  beds  of  the  Dakota  are 
distorted  by  an  abrupt  fold  of  the  same  kind.  The  outcrop,  as  traced 
southward,  turns  backward  to  the  northwest,  but  in  this  instance  less 
than  a  fourth  of  a  mile.  The  north-northwest  continuation  of  this 
fold  and  the  fold  above  mentioned  together  produce  the  flattening 
in  the  dip  of  the  Fountain  sandstone.  The  southward  continuation 
of  this  fold  is  beautifully  revealed  in  the  basal  limestone  of  the  Nio- 
brara. The  higher,  shaly  limestones  of  this  series  are  somewhat 
folded  along  the  same  axis,  but  seem  in  the  main  to  have  slipped  one 
over  another  at  the  place  where  corresponding  folds  might  have  been 
expected.  By  such  means  the  site  of  their  folding  was  shifted  nearly 
a  mile  to  the  south.  The  folds  show  clearly  near  the  east  side  of 
sec.  36. 

l-X)!.!)  IN   THE   HYGIENE  SANDSTONE  OPPOSITE  SIX  MILE  GULCH. 

Just  as  the  north -northwest  continuation  of  this  group  of  folds  in 
sees.  25  and  36  causes  a  flattening  of  the  dip  of  the  red  rock,  its 
continuation  in  the  opposite  direction  has  like  effects  in  the  Hygiene 
sandstone  of  the  Pierre.  If  the  line  of  the  northwestern  continua- 
tion be  extended  in  the  opposite  direction,  it  crosses  the  Hygiene 
sandstone  in  sec.  6,  T.  1  N.,  R.  70  W.  At  this  point  the  outcrop  of 
the  sandstone  deviates  from  its  general  northerly  course  and  trends 
straight  northeast,  making  an  offset  of  an  entire  mile  within  the  sec- 
tion. (See  map,  PI.  II,  p.  10.)  This  is  one  expression  of  the  tend- 
ency to  echelon  folding.  Another  is  seen  in  the  reduced  dip,  18°,  as 
compared  with  55°  on  the  south  and  25°  on  the  north.  If  the  line  of 
these  folds  is  extended  still  farther  south,  it  passes  a  little  west  of 
the  producing  oil  wells.  The  significance  of  this  in  the  structure  of 
the  oil  field  is  mentioned  below  (p.  87). 

TABLE    MESA   FOLD. 

Two  miles  north  of  Altona  all  strata  younger  than  the  red  rock 
strike  approximately  northeast  for  several  miles,  but  to  the  north 
again  following  their  usual  northward  trends.  In  this  deformation 
no  such  sharply  marked  echelon  folds  were  developed  in  the  foothill 
outcrops  as  are  seen  farther  south.  The  deformation  represented 
by  this  incipient  fold  is,  however,  large.  The  effect  of  the  same 
stress  on  the  Hygiene  sandstone  was  to  make  a  definite  anticline 
whose  western  limb  dips  18°  toward  the  mountains.  The  sand- 
stone has  been  eroded  from  the  crest  of  this  fold  for  fully  3  miles, 
while  it  remains  in  the  canoe-shaix»d  syncline  west  of  it.  The  edge 
of  the  Hygiene  sandstone  is  not  everywhere  exposed,  but  if  laid 
bare  it  would  make  the  long  loop  indicated  on  the  map,  west  of 
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Ktystaek  Uountain.  (See  map,  PI.  IL  A  detailed  description  is 
girai  on  p.  88.)  The  axis  of  -this  anticline,  if  extended  soudiward, 
would  pUB  •  little  east  of  ttie  produeing  inl  welb.  Its  significance 
is  discnasMl  bdow. 

rAtfLTB  AMD  LANQSUPS. 

In  the  foothills  of  this  area  there  are  thtee  large  faulta  and  at 
least  one  sniftll  one  whose  lUrections  differ  little  from  the  strika 
The  three  large  ones  ^htch  affect  the  weatem  nuugia  of  the  Foui- 
tain  outcrop  are  shown  plainly  on  the  map. 

BOTTTH  BOTTUna  FAUI/T. 

The  fault  between  the  two  South  Boulder  peaks  strikes  south  by 
east  from  the  vicinity  of  the  peaks,  but  its  southerly  extensitm 
curves  more  to  the  east,  &nd  it  dies  out  in  the  incipient  £chel(Hi  fold 
meutimed  above.  The  downthrow,  more  than  2,000  feet,  is  on  the 
west  side,  repeating  the  outcrop  of  the  Fountain  sandstone  and  caus- 
ing'two  peaks  instead  of  one.  (See  fig.  1,  p.  12.)  The  two  South 
Boulder  peaks  will  here  be  spoken  of  as  outer  and  inner.  Hie  outw 
is  made  by  the  main  outcrop  of  the  Fountain  sandstone.  The  inner 
and  hi^er  peak  is  on  the  fault  block  of  the  same  formation.  It  is 
half  a  mile  southwest  of  the  outer  peak. 

The  fault  can  be  distinctly  seen  at  a  point  halfway  up  the  valley  of 
the  small  stream  which  runs  south  from  the  peaks.  Here  its  hade  is 
to  the  west  As  all  other  features  indicate  east-west  compression  in 
this  region,  rather  than  stretching,  it  is  safe  to  assume  that  this  is  a 
thnist  and  not  a  gravity  fault.  This  implies  that  the  hade  was 
toward  the  upthrow  or  east  side  when  the  strata  were  faulted,  and 
that  it  was  rotated  to  its  present  position  by  the  further  tilting  of 
the  strata.  If  made  since  the  strata  attained  their  present  position 
it  must  be  a  normal  fault,  for  the  present  hade  is  toward  the  down- 
throw side.  This  would  indicate  stretching,  a  supposition  which  is 
unsupported. 

It  is  diflicult  to  determine  how  far  this  fault  extends  north  of  the 
peaks,  because  its  farther  extension  is  in  the  granite.  The  block  of 
red  rock  is  not  more  than  700  feet  deep,  being  limited  below  by  its 
stratigraphic  base,  which  dips  E.  52°,  and  by  the  fault  plane,  which 
dips  west  (See  fig.  1,  p.  12.)  As  the  gorge  leading  west  from  the 
outer  and  more  northerly  peak  is  much  deeper  than  this,  the  fault 
block  terminates  here  and  the  red  rock  is  not  seen  farther  north. 

OREBN    MOUNTAIN    FAULT. 

Another  fault,  similar  in  every  respect  to  the  one  just  described, 
bears  the  same  relation  to  Green  Mountain  as  the  South  Boulder 
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fault  does  to  the  inner  South  Boulder  Peak.  The  Green  Mountain 
fault  extends  south  by  east  from  Green  Mountain  and  dies  out  in 
the  vicinity  of  South  Boulder  Peak.  Its  extension  north  of  Green 
Mountain  is  in  the  granite  and  is  not  apparent.  The  width  of  the 
red  rock  whose  outcrop  is  thus  duplicated  west  of  the  main  exposure 
is  fully  400  feet;  the  depth  of  the  block  is  about  the  same.  The 
block  is  terminated  by  the  deep  valley  just  north  of  Green  Moun- 
tain. The  maximum  throw  of  this  fault  is  probably  in  Bear  Canyon, 
and  is  apparently  less  than  that  of  the  South  Boulder  fault.  The 
granite  strip  between  the  duplicated  outcrops  of  the  red  rock  is 
occupied  by  streams,  as  in  both  the  other  cases  of  similar  faulting  in 
this  area. 

FOURMILE  FAULT. 

A  third  great  strike  fault  is  encountered  west  of  Fourmile  Gulch. 
For  2  miles  north  of  this  point  it  is  made  evident  on  the  map  by  the 
appearance  of  the  red  rock  in  a  narrow  belt  on  its  west  or  down- 
throw side.  North  of  this  it  extends  an  unknown  distance  in  the 
crystalline  rock.  Its  southward  continuation  runs  into  the  main  out- 
crop of  the  red  rock,  south  of  Fourmile  Canyon.  The  map  indicates 
that  at  this  point  a  block  of  red  rock  is  offset  to  the  w^est.  This  same 
block  was  at  first  continuous  with  the  isolated  fragments  to  the  north, 
which  have  subsequently  been  separated  by  erosion.  The  fault  has 
therefore  the  same  general  direction  and  the  same  relation  to  the 
Fountain  sandstone  as  the  two  faults  south  of  Boulder. 

The  fault  plane  itself  is  not  seen,  hence  the  hade  is  unknown  and 
the  depth  of  the  block  of  sandstone  can  not  be  accurately  computed. 
The  dip  here  is  but  38^,  and  the  width  of  the  sandstone  belt  west  of 
the  fault  is  not  over  400  feet.  If  the  fault  is  vertical,  the  depth  of 
the  red-rock  block  would  be  but  little  more  than  300  feet.  The 
gorges  which  cross  the  fault  have  cut  entirely  through  the  block,  and 
indeed  several  hundred  feet  deeper,  dividing  it  into  two  widely  sep- 
arated parts  and  isolating  both  patches  from  the  main  outcrop  of  the 
Fountain  sandstone.     Its  maximum  throw  is  about  1,100  feet. 

FAULT  IN  SEC.  25,  T.  2  N.,  R.  71  W. 

It  is  significant  of  the  thrust  character  of  these  faults  that  their 
directions  agree  with  those  of  the  axes  of  the  echelon  folds.  This 
relation  is  emphasized  m  the  case  of  a  small  strike  fault  6  miles 
north  of  Boulder,  in  the  wast  half  of  sec.  25.  This  fault  is  on  the 
west  slope  of  the  prominent  bald  hill  referred  to  above  (p.  44)  as 
formed  of  a  hard  Jurassic  Sandstone  and  as  marking  the  end  of  the 
syncline  where  the  sandstone  is  characterized  by  echelon  folding. 
For  perhaps  half  a  mile  there  is  a  rej^etition  of  less  than  150  feet 
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of  Jumflsio  starata.  This  intimate  association  of  fold  and  fault  $A 
once  suggests  that  the  two  were  caused  by  the  same  force;  and  tluct 
each  supplemented  the  other  in  relieving  the  east-west  stress.  This 
would  imply  a  thrust  fault,  a  supposition  which  is  harmfonious  with 
all  other  observations  in  the  district 

DIP  FAULTS  IN   THE  FOOTHILLS. 

Dip  faults  in  this  area  are  small.  In  the  next  section  north  of 
Sizmile  Canyon  the  basal  Niobrara  shows  at  least  eight  dip  faults, 
offsetting  the  line  of  outcrop  from  10  to  150  feet  each — sometimes  to 
the  east,  sometimes  to  the  west  The  belt  occupied  by  the  interf ault 
blocks  is  300  feet  wide.  (See  fig.  8,  p.  44.)  The  close  relation  with 
the  folds  of  the  locality  leaves  little  doubt  that  the  two  types  of  def- 
<»rmation  are  due  to  the  same  cause  and  were  produced  at  the  same 
time.  Similar  repeated  faulting,  on  a  very  small  scale,  also  occurs  in 
the  Niobrara  limestone  half  a  mile  south  of  Gregory  Creek.  Minute 
faulting  and  brecciation  at  places  accompanied  the  crumpling  of  the 
^^  crinkled ''  sandstone  of  the  Lykins.  It  was  intense  for  some  dis- 
tance north  and  south  of  Fourmile  Gulch. 

POLE  CANTOK  SLIP  FAULT. 

The  apparent  dip  fault  in  Pole  Canyon  is  the  most  prominent 
feature  of  this  nature  and  is  also  of  great  interest.  Viewed  casually, 
(he  feature  especially  noticeable  is  a  jog  of  400  feet  in  the  Dakota 
ridge,  which  on  the  north  side  of  the  stream  is  small,  and  disappears 
altogether  within  a  few  hundred  feet.  This  jog,  which  would  seem 
to  be  sufficient  evidence  of  a  fault,  does  not  appear  in  any  formations 
older  than  the  Jurassic.  Of  the  younger  formations,  the  Benton  and 
Niobrara  show  no  natural  exposures  on  the  south  side  of  the  stream. 
On  the  north  side  the  Dakota,  Benton,  Niobrara,  and  Pierre  appear 
in  regular  succession.  In  excavations  under  the  end  of  the  Dakota 
ridge,  on  the  south  side,  the  Niobrara  has  been  encountered  in  its 
normal  position,  unfaulted.  The  Pierre  and  Benton  are  also 
unbroken;  the  upturned  edges  of  the  Dakota  and  Jurassic  have 
slipped  forward  over  the  unmoved  higher  strata.  There  are  two 
fault  planes  here — a  vertical  one  in  an  east-west  position  and  a  hori- 
zontal one  which  is  considerably  higher  than  the  present  bed  of  the 
adjacent  stream.  This  structure  must  be  called  a  "  fault,"  though  its 
structural  value  is  quite  different  from  that  of  a  fault,  as  the  word 
is  generally  used.  For  want  of  a  specific  designation  it  is  here 
referred  to  as  a  "  slip  fault."  It  grades  into  the  landslip,  but  where 
characteristically  represented,  as  it  is  here,  it>;  true  nature  must  be 
taken  into  account  in  mapping.     It  is  characteristic  of  such  faults 
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that  they  are  (1)  superficial  and  (2)  younger  than  the  upturning  of 
the  rocks  in  the  foothills. 


HnOOINS    PAKK. 

A  feature  intermediate  between  the  slip  fault  and  the  more  ordi- 
nary landslip  is  seen  at  the  middle  of  sec.  36,  at  the  foot  of  Flag- 
staff Hill,  west  of  Boulder.  About  300  feet  above  the  plain  a  bench 
or  terrace  a  fourth  of  a  mile  wide  east  and  west,  and  of  somewhat 
greater  length  north  and  south,  is  composed  of  massive  beds  of  the 
Fountain  red  rock.  Near  the  front  of  the  bench  these  rocks  are 
essentially  horizontal,  but  on  the  west  they  curve  gently  upward 
and  become  almost  vertical.  The  higher  strata  from  Jurassic  to 
basal  Niobrara,  inclusive,  come  up  to  this  bench  on  the  north  and  on 
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the  south,  and  there  disappear  as  if  passing  beneath  the  red  rock. 
The  bench,  known  as  Huggins  Park,  is  a  slide  of  great  dimensions, 
whose  constituent  beds  are  so  massive  and  so  unbroken  that  on  the 
map  the  red  rock  is  represented  as  occurring  here  instead  of  the 
higher  and  younger  strata  which  are  covered  by  the  slide.  In  this 
case  the  basal  plane,  along  which  slipping  has  occurred,  is  in  the 
main  a  bedding  plane,  and  the  phenomenon  differs  in  that  respect 
from  the  Pole  Canyon  slip  fault. 

The  recency  of  this  event  is  shown  by  a  study  of  the  outcrops  of 
the  younger  strata  which  were  overridden  by  the  red  rock  in  its 
eastward  slipping.  The  edges  of  the  Dakota,  Benton,  and  Niobrara 
had  been  eroded  back  to  a  position  not  differing  much  from  that  of 
the  corresponding  outcrops  which  have  not  been  thus  covered.  When 
Ball.  266—06  m 4 
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die  3lip  oerarred  these  ootcn^ping  edges  were  dmggod  forwajrd  and 
overturned*  Under  the  eastward-facing  scarp  of  Hnggins  Park  cme 
of  these  overturned  beds  of  the  upper  Niobrara  has  been  found  in  an 
ahnost  horizontal  position  *  (Hg.  4,  p.  49). 

lOOTHILL  OVKBTUBNS. 

Just  north  of  Huggins  Park  the  basal  Niobrara  and  its  neighbors 
are  overturned  in  a  manner  similar  to  that  just  described,  though 
not  at  the  present  time  covered  by  the  red  rock.  It  is  fair  to  assume 
that  at  least  a  part  of  these  beds  were  overturned  by  the  original  move- 
ment and  their  edges  dragged  eastward.  By  a  careful  examination  of 
the  contacts  of  a  dike  at  the  north  end  of  die  park,  also,  Prof.  B.  D. 
George  has  shown  clearly  that  there  has  been  vigorous  movement 
along  the  planes  which  boimd  the  dike.  The  relative  motion  of  the 
dike  tocIl  has  been  forward  (east)  wi^  reference  to  its  hanging  wall 
(on  its  west),  and  backward  with  reference  to  its  foot  wall.  The 
drawing  out  of  the  micas  into  long  streaks  plainly  indicates  this. 

As  simikr  overturning  is  common  in  the  Niobrara  of  this  area, 
and  is  sotnetimes  alluded  to  as  ^  fan  structure,"  impljdng  an  origin 
connected  with  lateral  i^essure,  the  significant  features  of  this  occur- 
rence north  of  Huggins  Park  are  here  enumerated.  They  are  as 
follows:  (1)  The  actual  overturn  is  very  superficial,  its  depth  being 
no  greater  than  the  height  of  the  ridge  due  to  the  strong  stratum  of 
the  basal  Niobrara  above  the  surface  of  the  neighboring  shales,  10  to 
20  feet  in  all.  (2)  With  the  exception  of  this  narrow  crest  there  is 
small  difference  in  dip  between  the  nearly  vertical  red  rock  on  the 
west  and  the  slightly  overturned  Niobrara  shales  on  the  east  of  the 
basal  limestone.  (3)  The  overturn  of  the  limestone  increases  to  the 
south,  where  the  outcrop  swings  off  to  the  east  toward  Huggins  Park. 
(4)  The  overturn  is  seen  half  a  mile  still  farther  south,  under  the  red 
rock  in  the  eastward-facing  escarpment  of  the  park. 

As  pointed  out  above,  this  feature  resembles  fan  structure,  and  it 
should  be  so  described  if  interpreted  as  the  result  of  the  profounder 
processes  of  mountain  making.  Recourse  to  these  processes  is,  how- 
ever, unnecessary  to  account  for  any  phenomena  within  the  Niobrara 
of  this  area ;  on  the  contrary,  many  of  the  most  pronounced  examples 
of  overturn,  or  fan  structure,  are  clearly  the  result  of  mere  super- 
ficial slipping,  aided,  no  doubt,  by  frost. 

Fan  structure  occurs  most  frequently  in  the  Niobrara,  but  the  cause 
lies  in  the  Benton  shale  west  of  the  Niobrara  outcrop.  This  shale 
occupies  the  steep  eastward  slope  of  the  Dakota  hogback,  and  its 
surficial  parts  may  be  regarded  as  having  a  slow  eastward  move- 

«  The  first  recognition  of  this  relation  was  by  Judge  Junius  Henderson  and  H.  F.  Watttf. 
It  was  first  described  by  Henderson  In  an  article  entitled  The  overturns  of  the  Ilenver 
basin  :  Jour.  Geol.,  vol.  11,  1903,  p.  584.  Fig.  4,  drawn  by  Watts,  Is  taken  from  this 
article. 
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ment,  due  to  gravity  and  frost.  This  movement  has  involved  many 
landslips,  but  it  has  been  chiefly  effected  by  creep.  The  ocular  dem- 
onstrations of  these  processes  are  patches  of  hummocky  landslip 
topography  and  superficial  overturning  of  beds.  Overturns  in  the 
Niobrara  may  therefore  be  regarded  as  due  mainly  to  the  eastward 
creep  of  its  outcropping  edges,  which  were  pushed  forward  by  the 
Benton  from  the  higher  slope.  In  exceptional  cases  the  outcrops 
have  been  dragged  eastward  by  landslips. 

It  is  not  quite  so  apparent  that  the  Dakota  should  have  a  steeper 
dip  than  the  Fountain  sandstone  from  causes  similar  to  the  ones  here 
defined.  It  may  be  shown,  however,  that  the  phenomenon  is,  at  some 
places,  a  superficial  one.  The  dip  of  the  block  affected  by  slip  fault- 
ing in  Pole  Canyon  is  20°  steeper  than  the  normal  dip  of  the  Dakota 
in  that  vicinity.  Throughout  the  area  the  Dakota  hogback  is  in  gen- 
eral a  high,  narrow  ridge,  rising  much  higher  above  the  plains  on  its 
east  side  than  above  the  valley  on  the  west.  Against  the  west  side, 
therefore,  there  is  constant  pressure  of  the  Morrison  and  Lykins  shales 
and  sands,  whose  surface  has  a  general  eastward  slope  and  thus  a 
tendency  to  creep  eastward,  causing  pressure  against  the  Dakota 
ridge.  Under  these  conditions  it  is  difficult  to  see  how  the  strata  of 
the  latter  could  entirely  withstand  the  tendency  to  rotation.  Where 
the  strata  are  thickest  and  the  ridge  is  broadest,  and  best  supported 
on  the  east,  the  dip  is  least  steepened. 

An  example  in  the  Fountain  sandstone  further  illustrates  the  shal- 
lowness of  the  zone  in  which  the  dips  may  be  affirmed  to  agree  with 
those  at  the  surface.  West  of  Boulder,  and  for  a  short  distance  north 
of  Sunshine  Canyon,  the  "  Red  Beds  "  are  vertical.  Going  north,  the 
dip  decreases  with  comparative  abruptness  to  less  than  60°.  The 
strike  continues  in  a  uniform  direction,  and  there  is  no  jog  in  the  out- 
crop. It  follows  from  this  that  if  these  diverse  surface  dips  continue 
to  any  great  depth  the  Fountain  strata  are  dropped  down  sharply, 
and  form  a  deep  east-west  trougji  under  the  city  of  Boulder — a  sup- 
position which  is  not  supported.  There  has  certainly  been,  since  the 
middle  of  the  Pierre  epoch,  a  great  flattening  of  the  Boulder  arch, 
but  it  is  difficult  even  to  conceive  of  a  structural  trough  in  the  Foun- 
tain sandstone  so  profound  that  its  dips  should  be  continuous  with 
the  present  dips  of  the  crags  around  Sunshine  Canyon.  It  is  far 
more  probable  that  the  steep  dips  of  these  exposed  crags  do  not  con- 
tinue far  beneath  the  surface. 

SLIP  OF   THE   LYKINS    IN    POLE   CANYON. 

The  direct  effect  of  gravity  on  foothill  topography  may  be  seen 
at  various  places  along  the  contact  of  the  Lyons  sandstones  and  the 
Lykins  sandy  shales.    It  is  well  exemplified  in  sec.  12,  just  east  of 
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Green  Monntain.  (See  fig.  B,  bdow.)  Here  the  Jjytma  sandstone  is 
oorered  t^  a  Ituig  tains  slope  hundieds  of  feet  hi^,  composed 
of.larse  blocks  derived  from  ttie  sandstfrne.  The  talus  slope  ends 
where  the  L^ins  begins.  Along  this  line  is  a  trough,  or,  nunre 
pnqwrly,  a  series  of  pits,  often  90  feet  wide  and  8  feet  deep.  Into 
this  irr^nlar  troo^  iJte  lower  maigiu  of  the  talus  has  fallen.  Ttub 
steeper  8l<q)e  thus  made  at  the  foot  of  the  talus  has  not  yet  had  time 
to  be  reduced,  and  many  Uocfai  at«  in  an  unataUe  position.  Some 
have  been  tejcen  or  turned  over,  and  expose  freah  sur&oes,  which 
contnst  wiUk  the  Mtr  weathered  or  Udbsn-covered  sorfaoeB.    Simi- 
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lar  occurrences  are  found  at  various  points  between  Pole  and  South 
Boulder  canyons. 

In  explanation  of  this  phenomenon,  it  is  not  necessary  to  assume 
any  other  force  than  gravity.  The  slope  eastward  from  the  contact 
of  the  Lyons  sandstone  and  the  Lykins  is  steep  and  is  undorlain  by 
shale  or  sandy  shale.  At  the  foot  of  this  steep  slope,  a  fourth  of  a 
mile  away,  a  young,  deep  valley  has  been  cut  behind  that  portion  of 
the  Dakota  hogback  which  has  been  swung  forward  by  slip  faulting. 
(See  p.  48.)  Similar  opportunities  for  the  slipping  eastward  of  the 
Lykins  exist  at  other  points,  and  are  accompanied  by  the  peculiar 
evidences  of  slipping  described  above.  The  tendency  would,  of 
course,  be  greatly  aided  by  any  continuance  of  the  mountain  uplift. 
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FAULTS  OF  THE  PLAINS  AREA. 

The  generally  horizontal  rocks  of  the  plains  are  broken  by  faults 
much  longer  than  those  in  the  foothills.  The  throws  are,  however, 
very  much  smaller,  rarely  exceeding  300  feet.  Most  of  the  plains 
faults  within  this  area  converge  at  Marshall  and  have  their  chief 
interest  in  connection  with  coal  mining.  Any  description  of  them 
must  be  little  more  than  a  repetition  of  the  excellent  account  given 
by  Eldridge."  They  have  been  traced  again  in  the  field  and  plotted 
with  some  detail  on  the  large-scale  base  map  used  in  this  survey. 
All  are  far  from  straight,  and  their  courses  are  necessarily  repre- 
sented in  a  generalized  way.  The  actual  line  of  a  fault  can  rarely  be 
seen.  Commonly  its  location  is  fixed  only  wuthin  several  hundred 
feet  by  outcropping  rocks,  whose  relations  indicate  a  fault  somewhere 
within  the  limits  named.  Fragments  of  crushed  and  slickensided 
rock  may  define  the  location  more  narrowly.  In  two  cases  faults  can 
l>e  seen  in  mines.  The  faults  enumerated  in  Eldridge's  "  Marshall 
subsystem  "  and  two  of  his  "  North  Boulder  faults  "  are  here  briefly 
described  under  the  names  given  by  him. 

The  main  or  northern  fracture  of  the  Marshall  subsystem  trends 
southwest  along  the  northern  base  of  Davidson  Mesa  to  its  west  end, 
southwest  of  which  its  course  is  more  southerly  to  beyond  the  middle 
of  sec.  21,  where  it  is  lost.  Its  northeastern  extension  also  runs  in 
the  same  direction  as  its  southwest  end.  It  passes  half  a  mile  west 
of  Burnt  Knoll,  northeast  along  the  line  of  Dry  Creek,  and  is  lost. 
The  fault  plane,  where  observed  by  Eldridge,  in  a  mine  now  aban- 
doned, dips  S.  28°  E.,  at  an  angle  of  45°.  As  the  upthrow  is 
on  the  southeast  side,  this  is  a  thrust  fault.  The  maximum  throw 
along  its  middle  course  is  about  350  feet. 

The  middle  fracture  branches  off  from  the  main  fault  near  the 
railroad  station  at  Marshall  and  follows  a  northeasterly  course, 
though  at  its  southwestern  end  the  trend  is  more  east  than  north. 
Its  course  is  curved  similar  to  that  of  the  northern  fault,  but  the 
curve  is  less  sharp.  The  line  of  the  fault  crosses  the  highest  part  of 
the  mesa  near  its  west  end,  but  farther  northeast  it  follows  the  foot 
of  the  mesa.  The  fault  itself  can  be  seen  in  a  cut  of  the  railroad 
switch,  which  encircles  the  mesa  at  its  western  base.  The  maximum 
stratigraphic  throw  of  this  fault  is  near  its  eastern  end,  and  amounts 
to  180  feet.  The  downthrow  is  on  the  south,  so  that  the  fault  block 
on  the  north  has  been  relatively  lifted  up  between  its  neighbors. 

The  southern  fracture  is  approximately  parallel  to  the  middle  one 
and  distant  from  it  one-fourth  to  one-third  of  a  mile.  It  follows 
a  gently  sinuous  course  along  the  south  side  of  the  valley,  and  south 

•  Mon.  U.  8.  Oeol.  Survey,  toI.  27,  1896,  pp.  128-136. 
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I  of  the  Colorado  and  Southern  Railroad,  but  crosses  the  valley  about 
the  middle  of  the  south  side  of  sec.  15,  ast*nds  the  mesa  to  the  north- 
east, and  is  lost  to  view  in  about  half  a  mile.  Its  southwest  end 
B]>proache.s  the  main  or  northern  fracture  near  the  middle  of  sec.  21, 
but  hiTf  a  .strong  nionoclinal  fold  appeui-s  and  probably  tak&s  the 
place  of  the  soittheni  fault  at  its  we-stcrly  end.  The  downthrow  is 
on  the  north  and  i-eaches  2fiO  feet.  Nearly  midway  between  the 
middle  and  southern  fractures  is  another  fault  of  similar  direction 
with  dowiithi-ow  of  a  few  feet  on  the  north." 

The  block  between  the  middle  and  southern  fractures  is  cut  by  the 
"  terminal  ci'a'is  fault,"  and  it*  west  end  dropped  down  alx>iit  !iO  fM>t. 
This  fault  lies  a  little  west  of  the  middle  of  sec.  15.  It  trends  nearly 
southeast,  but  turns  more  nearly  tu  the  south  at  its  southern  end, 
vhere  it  wruis  1o  cross  the  soiilhcni  fnictui-e.  It  is  no  doubt  the 
aube  faolt  which  is  eDcountflred  in  tlw  Goriuun  mine  of  the  Northon 
Coftl  sod  Caka  Ccaspuiy,  where  the  drop  on  the  west-rade  is  10  feet. 
'Rie  cual  faah  (bo  named  hy  Eldridge)  is  well  anen  in  the  deep 
railroad  cot  in  sec.  18.  It  rmia  almoet  east  and  west,  and  has  a 
vertical  downthrow  on  the  north  of  abont  50  feet.  The  masmve 
sandstfine  on  lx)lli  sides  is  baaal  Laramie. 

Two  of  thegrou|iof  faults  appearing  on  the  north  side  of  Bonlder 
Creek  lie  ])arlly  or  wholly  within  the  area  discnsBed  in  this  repMt. 
Xo.  1,  with  upthrow  of  180  feet  on  the  east  side,  brings  up  the  Fox 
Hills  shale  in  the  east  halves  of  sees.  12  and  13  at  the  eastern 
edge  of  the  area  mapped.  The  opposing  stratum  on  the  west  is 
basal  Laramie.  No.  2  has  60  feet  of  upthrow  on  the  east,  the  oppos- 
ing strata  being  Jjaramie  on  both  sides.  All  trace  of  these  faults 
is  lost  under  the  alluvium  of  the  valley  on  the  south  and  also  under 
the  surface  of  Gunbarrel  Hill  on  the  north. 

GEOLOGIC  HISTORT. 
PRE-POUNTAIN  TOPOORAPHY. 

The  geologic  history  of  the  Fountain  sandstone  is  considered  with 
especial  reference  to  the  topography  of  the  preexisting  land  surface. 
The  uneven  contact  between  the  Archean  and  Fountain  rocks  is 
understood  to  represent  the  subaerial  topography  of  Fountain  time 
as  modified  by  shore  erosion  during  gradual  submergence  beneath 
the  sea.  The  principles  by  which  the  character  of  the  early  topog- 
raphy and  of  the  marine  denudation  is  inferred  from  the  present 
features   can   not   here   be   discussed   in   detail.*    The   observations 
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given  below,  however,  point  to  the  conclusion  that  during  sub- 
mergence the  form  of  the  old  land  surface  was  much  changed  by 
wave  erosion. 

The  Archean-Fountain  contact  differs  from  a  plane  only  when 
broad  areas  are  considered.  The  undulations  of  the  contact  line 
shown  on  the  map  give  an  exaggerated  idea  of  the  unevenness  of 
the  Archean  surface,  but,  ignoring  the  effects  of  faults,  most  of  the 
deviations  from  straightness  are  due  to  the  irregularities  of  the 
present  surface. 

In  the  main  the  proof  of  the  inequalities  of  the  Archean  floor  is 
the  varying  thickness  of  the  red  rock.  A  casual  look  at  the  map 
may  be  somewhat  misleading  as  to  the  amount  of  such  variation, 
for  at  Boulder,  where  the  band  is  narrowest,  the  beds  are  vertical ; 
toward  the  north  the  dip  decreases,  and  where  the  outcrop  is  very 
wide,  the  dip  is  but  from  7°  to  80°.  The  thickness  of  the  Lyons- 
Fountain  sandstones  varies  from  500  feet  at  Boulder  to  possibly 
1,500  feet  at  Fourmile  Canyon  and  at  Bear  Canyon,  3  miles  south 
of  Boulder.  At  Lefthand  Creek,  3  miles  north  of  Fourmile  Canyon, 
it  does  not  exceed  1,000  feet. 

If  the  eastward  tilting  due  to  mountain-making  forces  were  undone 
and  the  red  rock  removed,  the  exposed  Archean  surface  would  sho^v 
only  very  smooth,  broad  undulations.  In  this  area  the  slopes  would 
not  lye  less  than  3  miles  long,  would  have  a  grade,  except  at  one  place, 
not  exceeding  150  feet  to  the  mile,  and  would  be  entirely  unbroken  by 
valleys.  The  one  exceptional  feature  of  the  relief  would  be  a  hill, 
or  east-west  ridge,  at  Boulder,  rising  possibly  1,000  feet  above  the 
valleys  north  and  south  of  it,  but  having  a  base  6  miles  wide  and 
perfectly  smooth  slopes.  This  hill  or  ridge,  however,  marks  a  well- 
known  line  of  weakness,  along  which  there  has  been  frequent  uplift- 
ing; it  does  not,  therefore,  represent  the  relief  of  the  floor  upon 
which  the  Fountain  sandstone  was  laid;  it  was  more  probably 
being  elevated  during  the  deposition  of  the  latter,  or,  rather,  it  was 
subsiding  less  rapidly  than  the  areas  north  and  south.  (Compare 
p.  64.) 

The  Archean  rocks  below  the  Fountain  are  un weathered.  Those 
which  are  in  immediate  contact  with  the  red  rock  do  not  differ  in 
this  respect  from  those  which  occur  at  a  greater  distance  back  in  the 
mountains.  In  like  manner,  the  felspathic  constituents  of  the  strati- 
fled  rocks  are  essentially  unchanged.  The  sediments  also  contain 
many  unweathered  rock  fragments.  The  material  composing  much 
of  the  red  rock  is  not  unlike  the  disintegrated  granite  which  now 
covers  many  of  the  steepest  hillsides,  with  this  exception,  that  it  has 
l^een  to  some  small  extent  transported  by  water.  Nevertheless,  these 
sediments  are  in  the  main  but  little  waterworn  and  poorly  assorted. 
They  are  such  as  should  be  found  near  a  land  which  is  being  actively 
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m>ded  by  streams  as  well  as  by  waves— 4liat  is,  where  erosion  is  rela- 
tively, aetive  as  compared  with  weathering;  the  more  arid  the 
climate  the  less  active  need  erosion  be  in  <Mrder  to  yield  sndi  waste. 
Sudi  sediments  bel<»Q^  to  a  8h<Mce  where  trituration  is  not  prolonged, 
and  where  the  bottom,  subsides  so  rapidly  that  the  particles  are  car- 
ried downward  into  gniet  wato*  b^ore  they  have  been  rounded  or 

"hrokennp.        '  ' 

The  above  Itetures  of  form  and  material  suggest  that  the  con- 
figuration of  the  present  contact  is  the  re«ilt  of  a  considerable 
dbange  in  the  ^pography  of  the  old  land«  The  aberace  of  srnaBer 
irregularities  on  the  broad  swells  that  slope  160  feet  to  the  mile  and 
an  unweath^^'  rock  bed  would  not  both  characterize  an  area  sub- 
jected to  suba^al  erosion.  If  the  former  land  surface  was  a  pene- 
plain its  deeply  weathered  snirface  could  not  have  supplied  the  large 
proportion  of  tAdsj^  fragments  in  the  red  rock,  and  its  dowly 
flowing  streams  ccHild  not  have  transported-  them  from  the  higher 

'land  on  the  west  On  the  other  hand  if  the  surface  had  its  present 
relief  its  long  sl6pes  would  have  been  cut  into  sharp  hills  and  vaUeys. 
The  invading  >  sea,  tiierefore,  must  have  shaved  from  the  surfiice 
enough  material,  to  obUterate  all  the  relief  except  the  major  features, 
which  have  hee^  left  in  a  very  generalized  form. 

SkORB  BR08I0N  DURING  SUBSIDBNCB. 

The  form  of  the  shore  line  of  an  advancing  sea  is  indicjitive  of 
the  form  of  the  sea  bottom  near  the  shore.  This  is  apparent  from 
the  fact  that  the  shore  line  at  any  stage  of  subsidence  is  the  highest 
contour  of  the  sea  bottom  and  is  similar  to  the  other  contours,  each 
of  which  was,  in  its  turn,  the  shore  line.  When  the  submerged  sur- 
face, therefore,  is  a  plane,  whose  contour  lines  are  straight,  the  shift- 
ing shore  line  is  known  to  have  been  without  bays.  When  the  sea 
bottom  is  undulating,  the  shore  line  of  the  advancing  sea  was  char- 
acterized by  bays  and  headlands. 

During  the  invasion  of  the  Fountain  sea,  therefore,  the  shore  line 
was  not  straight  (since  the  surface  of  denudation  is  not  a  plane), 
but  there  has  been  found  no  trace  of  bay  heads  where  filling  was 
in  progress.  The  universal  freshness  of  the  underlying  granite 
is  evidence  that  cliff  cutting  occurred  everywhere.  The  bays  that 
existed  did  not  extend  so  far  inland  as  to  preclude  erosion  at  their 
heads.  While  this  universal  cliff  cutting  was  taking  place  the  sur- 
face rocks  were  being  removed  from  both  hills  and  valleys,  though 
the  erosion  was  greater  on  the  hills  than  in  the  valleys.  Between 
headlands  6  or  8  miles  apart  the  water  would  have  been  possibly  500 
feet  deep.  These  dimensions,  which  follow  from  measurements 
given  above,  are  perfectly  consistent  with  the  assumption  that  the 
bays  were  so  wide  open  as  to  allow  wave  erosion  at  their  very  heads. 
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The  supposition  is  a  long  way  within  the  possibilities  of  shore 
erosion. 

From  the  above-stated  relation  of  the  shore  line  to  the  contours 
of  a  submerged  surface  it  follows  that  if  a  retreating  shore  line  is 
a  sinuous  cliff  the  sea  bottom  will  have  a  fluted  surface.  There  will 
be  ridges  along  the  lines  of  retreat  of  the  headlands  and  furrows 
where  the  bay  heads  re(»eded.  If  there  is  suitable  offshore  slope  and 
rate  of  subsidence,  even  the  coarse  waste  may  be  laid  down  in  beds, 
which  are  continuous  over  these  ridges,  instead  of  abutting  against 
them.  All  these  conditions  occur  along  the  lower  contact  of  the 
Fountain  sandstone.  P^ine  flow-and-plunge  structure  is  seen  where 
it  should  be  expected — that  is,  in  the  thickest  part  of  the  formation 
or  within  the  bays  of  the  Fountain  sea. 

All  the  undulations  of  the  Archean  floor  might  be  due  to  gentle 
crustal  folding  during  Fountain  time.  This  hypothesis  also  would 
provide  for  the  continuity  of  the  "  Red  Beds  "  over  the  eminences.  It 
would  make  unnecessary  the  assumption  that  hills  stood  out  as  prom- 
ontories in  the  advancing  sea  and  that  the  shore  line  was  crenulated. 
It  does  not,  however,  account  so  well  for  the  general  cross-bedding, 
and  for  the  flow-and-plunge  structure  that  so  plainly  characterizes 
the  places  which,  on  account  of  the  greater  thickness  of  the  "  Red 
Beds,"  are  regarded  as  bays.  Except  in  the  vicinity  of  Boulder  there 
is  also  a  lack  of  collateral  evidence  of  such  crustal  deformation.  The 
hypothesis  of  warping  during  sedimentation  might  be  used  to  sup- 
port the  theory  of  a  pre- Fountain  peneplain,  but  it  has  already  been 
pointed  out  that  the  character  of  the  Fountain  sediments  does  not 
admit  of  the  assumption  that  they  were  derived  from  a  peneplain. 
The  Boulder  arch  itself  was  probably  slowly  bulging  upward  while 
the  "  Red  Beds  "  were  being  deposited.  The  evidence  on  this  point 
is  given  under  the  discussion  of  the  next  higher  formation.  (See 
p.  61.) 

DEPOSITION  OF  FOUNTAIN  FORMATION. 

Generally  speaking,  the  local  thinning  of  the  red  rock  is  due 
to  thinning  of  all  the  beds  rather  than  to  a  disappearance  of  a  part 
of  them.  Except  in  the  vicinity  of  Boulder  the  topmost  strata  of 
the  formation  can  be  traced  continuously  from  point  to  point  along 
the  line  of  towering  crags,  which  form  the  most  conspicuous  feature 
of  the  foothills.  The  Lyons  sandstoile  shows  the  same  continuity 
at  a  higher  horizon,  and  the  strata  at  the  base  of  the  red  rock  are 
almost  or  quite  as  continuous  as  those  at  the  top.  If  the  contact  is 
followed  from  canyon  to  canyon  over  the  intervening  spurs,  the  basal 
ledge  of  the  red  rock  may  frequently  be  seen  for  a  mile  or  more.  In 
almost  all  such  cases  the  continuity  of  the  stratum  at  the  base  is 
noticeable,  although  this  is  not  quite  universal,  as  there  seem  to  be 
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|.ft  few  placets  where  the  beds  at  the  busi-  abut  against  a  low  riM  in  tlw 
granite  surface.  At  i4uch  pla<«s  tlu'  contact  appears  to  dlift  toiBfr' 
cessively  higher  beds  of  the  red  rock. 

DEPOSITION  OF  LYONS  SANDSTONE. 

The  change  whiHi  brouglit  iiboiLt  (lit-  .Icpos^ition  of  Ihe  Tjjoaa  WKB.&- 
iStone  was  comparatively  abrupt.  Only  a  short  time  afttr  the  depOB- 
tion  of  rongh  arko^e,  the  sediments  were  composed  of  thoroo^l^ 
.assorted  clean-washed  quartz  sand.  The  details  nf  ntnicbire  tlso 
'Changed  to  il  neat  cross  lamination,  producing  Q&gs  of  s  oniftHm 
[ttiickness  and  large  area.  Most  of  these  flags  which  are  now  exposed 
^dip  east  at  a  smaller  angle  than  the  true  bedding;    that  ia  to  aay. 


if  the  true  beds  were  again  horizontal  the  cross-bedding  would  dip 
west,  or  toward  the  old  shore.     (See  fig.  6.) 


BAYS   AND  BAB8. 

The  nature  and  peculiar  bedding  of  these  sediments  indicate  that 
the  shore  line  was  indented  on  the  west  by  a  bay,  and  that  this  bay 
was  spanned  by  a  bar  of  clean  sand — the  formation  known  as  the 
Lyons  sandstone.  Most  of  the  sandstone  now  exposed  was  deposited 
on  the  landward  side  of  the  bar  and  dips  toward  the  land.  The  area 
here  discussed  embraces  parts  of  two  such  bays,  separated  by  a 
salient  point  between  Boulder  and  Gregory  creeks,  (See  fig.  7,  p.  60.) 
In  front  of  this  headland  the  peculiar  sediments  ascribed  to  bur 
building  are  absent. 

Not  only  are  the  bar  sands  absent  from  this  locality,  but  the  head- 
land seems  to  have  been  eroded  and  to  have  furnished  a  part  of  the 
material  for  the  bars.  It  can  not  be  stated  beyond  doubt  that  there 
was  such  erosion,  because,  at  the  place  concerned,  the  upper  beds  of 
the  red  rock  are  poorly  exposed.     It  is  certain  that  just  west  of 
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Boulder  the  red  rock  is  much  thinner  than  it  is  a  short  distance 
to  the  north  or  south.  From  appearances  it  is  probable  that  this 
decrease  in  the  thickness  of  the  formation  is  due  in  part  at  least 
to  thinning  of  the  individual  beds,  but  it  is  not  plain  that  the  whole 
difference  can  be  thus  accounted  for.  In  so  far  as  the  upper  beds 
fail  to  cross  the  arch,"  it  is  most  consistent  with  the  physical  history 
to  assume  that  they  were  eroded  from  the  headland  which,  without 
doubt,  projected  at  this  point  when  the  bars  of  the  Lyons  sandstone 
were  being  deposited.  Cliff  erosion  on  the  salient  would  certainly 
be  expected  from  the  relative  position  of  the  headland  and  bar. 

These  bays  could  not  have  resulted  from  the  continued  submergence 
of  an  uneven  land  surface.  .  The  headland  at  Boulder  was  plainly  due 
to  warping  resulting  from  north-south  stress.  It  corresponded  in 
position  to  the  Boulder  arch,  which  has  been  subjected  to  repeated 
upward  warping.  As  the  sediments  became  thinner  at  this  place  and 
as  a  headland  appeared  immediately  after  their  deposition,  while 
sedimentation  continued  to  the  north  and  south,  the  cause  of  all  these 
phenomena  was  no  doubt  crustal  deformation. 

The  conclusion  that  the  Lyons  sandstone  is  the  sediment  of  bars 
rests  finally  upon  the  position  of  its  cross  lamination,  which  in  general 
dips  toward  the  shore.  This  necessitates  either  the  above-stated 
hypothesis  of  bars  or  that  there  was  land  farther  east  from  which 
sediments  were  derived.  The  supposition  that  there  was  land  farther 
east  is  entirely  without  support.  The  hypothesis  that  the  sands  were 
laid  down  in  the  form  of  bars  is  supported  by  the  nature  of  the 
sands  and  by  their  absence  at  the  most  probable  headlands,  from 
which,  in  part,  the  shore  drift  should  have  been  derived. 

It  is  to  l)e  remarked  that  the  dip  of  the  cross-bedding  at  Gregory 
and  Boulder  canyons,  where  the  formation  abuts  against  the  sup- 
posed headland,  is  away  from  the  mountains.  The  Lyons  sandstones 
exposed  at  Boulder  and  Gregory  canyons  are  in  immediate  contact 
with  the  old  headland,  and  therefore  represent  the  seaward  side  of 
the  bars.  From  the  nature  of  the  contact  of  a  bar  with  the  salient 
from  which  it  springs,  it  is  the  seaward  front  and  not  the  inside  or 
landward  slope  of  the  bar  that  is  tangent  to  the  land.  (See  fig.  7,  p. 
(>0.)  Whatever  cross-bedding  existed  on  this  seaward  front  must,  of 
necessity,  have  dipped  seaward.  Therefore  the  relative  eastward 
dip  of  the  cross-bedding  at  these  places  is  in  exact  accord  with  the 
theory  of  the  deposition  of  these  sands  in  the  form  of  bars. 

The  supposition  that  two  bays  were  separated  by  a  salient  between 
Boulder  and  Gregory  creeks  rests  upon  (1)  the  absence  of  bar  sedi- 
ments at  that  point,  (2)   the  probable  erosion  of  the  topmost  red 

«  See  BIdrldge,  G.  II.,  Geology  of  the  Denver  basin :  Hon.  U.  S.  OeoL  Survey,  yoL  27» 
1896,  p.  ilO. 


60 


GOKHLOGY  OF  THB  BOTJIiDSB  DISTBIGT^  GOIiOBADO.    tmnju^ffi. 


rwkf  (8)  t^^MSfcwurd  dip  of  the 
neareeft  to  tiyte^j^oint 


of  the  beach  sands 


*  ■  ij  • 


3y  mM  Cmrsout^  e^t 


mthb^^iiorth  cfdou^Omr 


H&9a/m»^&tBoi^€^f* 


Vm.  7. — Sliore  Um  during  tlie  diq[K»tltloa  of  the  hrcnm  sandstone. 

From  the  above  reasoniiig  it  follows  that  the  Lyons  sand£rtxxne 
should  be  intennittent  in  its  distribution  alongshore  after  tiie 
manner  of  bars.  This  is  true.  They  should  also  form  a  relatively 
narrow  reef -like  zone,  and,  if  followed  outward  from  the  old  land, 
the  direction  of  dip  of  the  cross  lamination  should  be  reversed. 
Along  this  line  no  direct  evidence  is  at  hand. 

mCSATION  OW  BARS. 

A  bar  extending  across  a  bay  retreats  landward  with  the  recession 
of  the  cliff  from  whidi  it  springs.  This  retreat  is  accompanied  (1) 
by  i»t)gre8sive  deposition  cm  the  landward  side  of  a  series  of  layers 
whidi  dip  toward  the  land,  and  (2)  by  erosion  on  the  seaward  side, 
which  results  in  the  removal  of  the  upper  part  of  layers  previously 
deposited.^  (See  fig.  8.)  The  first  effect  is  exemplified  here 
in  the  prevailing  dip.  The  second  is  beautifully  shown  wherever 
there  is  a  good  contact  between  the  Lyons  sandstone  and  the  next 
higher  formation.  The  bottom  of  the  Lykins  is  occasionally  exposed 
as  a  clearly  defined  surface  against  which  the  clean-cut  flags  abut 
at  an  angle  which  may  reach  36°.     (See  fig.  6,  p.  58.) 


Fig.  8. — Section  of  a  linear  embankment  retreating  landward.     The  dotted  line  shows 

the  original  position  of  the  crest.     (After  Gilbert.) 

This  process  of  building  bars  of  clean-washed  sand,  which  are 
shifted  gradually  landward  and  truncated,  implies  a  considerable 
stability  of  the  land  with  reference  to  the  sea  level,  though  it  is  not 
prevented  by  moderate  sinking.  In  the  epoch  here  considered,  not 
only  the  well-assorted,  clean-washed,  creamy  sands,  but  also  the  shaly 
sands  which  follow,  indicate  quiet  conditions  and  freedom  from 
crustal  deformation. 


•  Compare  Gilbert,  G.  K.,  Lake  Bonneville :  Mon.  IT.  S.  Geol.  Survey,  vol.  1,  1890,  p.  .53. 
The  conditions  here  descrilied  are  discussed  by  Gilbert,  as  exemplified  in  the  mole  Inclos- 
ing Toronto  Harbor.     Fig.  8  Is  taken  from  tbls  discussion,  p.  56. 
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LYKINS  SEDIMENTATION. 

^Vhile  the  bars  of  Lyons  sands  were  being  truncated  sediments 
could  not  be  deposited  on  the  truncated  base  unless  they  were  coarser 
than  the  sand  which  had  been  removed.  Later,  however,  this  surface 
subsided  to  such  a  depth  that  it  w^as  buried  by  a  sandy  and  highly 
ferruginous  inqd. 

The  deposition  of  the  other  sediments  of  the  Lykins  formation 
required  similar  depth,  and  during  this  time  there  was  nothing 
peculiar  in  the  shore  conditions.  Probably  at  this  time  while  the 
sea  bottom  was  depressed  so  that  mud  was  deposited  in  places  from 
which  sand  had  been  removed,  the  relief  of  the  land  was  reduced, 
and  thus  the  supply  of  coarse  sediment  was  checked.  During  much 
of  Lykins  time  the  sea  was  so  deep  that  ripple  marking  and  cross- 
bedding  did  not  take  place,  but  toward  the  close  bot^  are  apparent. 

LYKINS  WARPING. 

At  Twomile  Car(yon  the  cross-bedding  near  the  top  of  the  series 
again  indicates  deposition  on  the  landward  side  of  a  bar.  It  may 
be  inferred  from  this  that  headlands  were  again  l)eing  eroded,  and 
this  assumption  is  borne  out  by  the  nature  of  the  sediments,  which 
are  coarser  near  the  top.  The  headlands  were  probably  caused  in 
part  by  a  gentle  warping,  which  harmonizes  with  indications  of 
cnistal  movement  at  the  close  of  the  Lykins,  which  may  have 
caused  a  slight  unconformity  between  the  rocks  of  this  epoch  and 
those  of  the  Morrison.  The  brown  sandstone  at  the  top  of  the  Lykins 
is  not  of  uniform  thickness.  (See  p.  25.)  The  exceptional  abrupt- 
ness, also,  with  which  at  many  places  the  highly  ocherous  rocks  give 
place  to  the  gray  above,  at  least  raises  the  question  whether  there 
might  not  have  been  a  transitional  stage  whose  record  is  lost.  As 
pointed  out  in  the  description  of  the  stratigraphy,  such  beds,  transi- 
tional in  color  and  texture,  appear  in  a  number  of  places. 

Uplift  of  the  Boulder  arch. — While  clear  and  definite  indica- 
tions of  a  general  unconformity  at  the  top  of  the  Lykins  are  want- 
ing, there  is  decisive  evidence  that  the  Boulder  arch  was  uplifted 
and  eroded.  The  "  crinkled  "  sandstone  approaches  to  within  a  few 
hundred  feet  of  the  south  side  of  Gregory  Canyon,  maintaining  about 
its  usual  distance  above  the  Lyons.  The  same  conditions  are  found 
on  the  north  side  of  Boulder  Creek,  but  for  more  than  half  a  mile 
north  of  Gregory  there  is  no  trace  whatever  of  the  Lykins.  The 
uplift  of  the  fold  north  of  Gregory  Creek  was  almost  equal  to  the 
combined  thicknesses  of  the  Lykins  and  the  Morrison.  The  former 
is  normally  from  600  to  800  feet  thick  and  the  latter  is  not  less  than 
150  feet.  Only  the  topmost  beds  of  the  Morrison  probably  covered 
th^  arch  and  are  concealed  beneath  the  talus  of  red  rock. 
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MOUUKHC  ■HHinirrATUMr. 

The  Jurassic  in  this  vicinity  is  represented  by  but  one  formation, 
^e  Morrison.  The  physical  history  of  the  period  is  not  well  indi- 
cated within  this  area.  Fossils  have  not  been  found  hert'.  but  those 
collected  at  other  places  show  that  the  water  of  the  Morrison  si-a  was 
fresh.  On  the  north  and  south,  therefore,  the  ocean  was  shut  out  by 
land  barriers  ext^ndin^  east  from  the  mountains  to  other  land  at 
■  n  unknown  distance."  At  fii-st  the  Boulder  arch  stood  less  than 
100  feet  above  the  water,  and  its  height  above  the  sea  was  gnidnally 
teduced  by  subsidence  or  by  a  change  of  the  lake  level.  The  arch  was 
probably  covered  by  the  upper  beds  of  the  Morrison. 

At  a  distance  from  the  vicinity  of  the  Boulder  arch,  the  clays  at  the 
mmmit  of  the  Jnrurio  ham  a  nearly  bat  not  altogether  consUnt 
tiuAneas.  If  pnemt  at  all  between  Qregoay  and  Boulder  oauyaoS} 
they  are  very  thin.  Erosioa  ia  plainly  indicated.  The  fresh-water 
lake  gave  way  to  land.  Adeoittalogie  evidmce  taken  Aran  broader 
areas  indicateti  that  this  area  waa  land  throo^^  the  whole  of  Lower 
Cretaceous  time.  The  relief  of  this  land  surbce  was  low.  TUs  is 
inferred  not  only  fnHn  the  fact  that  no  Tallciys  appear  in  its  present 
,  buried  surface,  lut  also  fran  the  nature  of  the  sediments  when  it  was 
again  submerged. 

DAKOTA  SEDIMENTATION. 

At  the  beginning  of  Upper  Cretaceous  time  the  sea  again  covered 
this  region.  The  first  bed  of  sediments  laid  down  contains  much 
sand,  but  consists  largely  of  very  resistant  and  generally  well-rounded 
pebbles  of  quartz,  quartzite,  jasper,  and  chert.  The  selection  and  sep- 
aration of  such  materials  from  the  waste  of  the  previous  land  surface 
are  consistent,  with  low  relief  and  deep  weathering. 

These  facts  are  best  explained  by  assuming  that  these  residual  peb- 
bles of  very  resistant  minerals  were  embedded  in  the  surficial  deposits 
of  the  submerging  land.  The  soil  sheet  was  worked  over  and 
assorted  by  wave  action  and  these  large  pebbles  deposited  near  shore. 
An  unknown  quantity  of  such  deposits,  brought  down  by  streams  from 
the  land  to  the  west,  is  doubtless  mingled  with  the  material  derived 
from  the  submerging  mantle  rock.  The  finer  and  much  more  abun- 
dant products  of  decomposition  were  necessarily  deposited  farther 
seaward.  According  to  this  explanation  this  conglomerate  is  a  shore 
phase  of  the  lowest  Dakota  beds. 

Mingled  with  the  hard  pebbles  are  occasional  fragments  of  rocks, 
such  as  limestone,  clay,  and  feldspathic  rocks,  that  would  readily 
yield  to  weathering  and  wear.     These  may  have  come  in  part  from 
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cliffs  that  were  cut  from  low  hills  of  the  old  land  surface.  They  also 
suggest  what  they  alone  would  not  be  sufficient  to  prove,  namely,  that 
the  oncoming  of  the  sea  was  accompanied  by  some  warping  and  steep- 
ening of  the  land ;  but  of  this  there  is  other  evidence,  as  follows : 

Before  the  close  of  the  Jurassic  the  Boulder  arch  was  covered  by 
sediments,  which  were  not  entirely  eroded  away  during  the  succeed- 
ing land  epoch,  showing  that  the  land  must  have  been  very  near  the 
sea  level.  The  absence  of  the  lowest  Dakota  near  Boulder,  however, 
shows  that  just  before  the  Dakota  sediments  were  laid  down  else- 
where there  was  a  differential  subsidence  amounting  to  a  renewal  of 
deformation  along  the  old  line. 

BENTON  SEDIMENTATION  AND  UPLIFT. 

As  a  result  of  deepening  of  the  sea,  decrease  in  the  relief  of  the  land, 
and  gradual  removal  of  the  shore,  the  Dakota  sands  were  followed  by 
the  Benton  shales,  not  suddenly,  but  after  some  alternation  of  sedi- 
ments. The  arching  was  again  strongly  renewed,  this  time  between 
Sunshine  and  Boulder  canyons.  Erosion  cut  away  the  entire  Dakota, 
but  there  is  nothing  to  show  whether  the  Jurassic  was  further  wasted. 
The  uplift  remained  above  water  until  very  near  the  close  of  the  Ben- 
ton epoch.  Only  the  very  latest  beds  of  the  Benton  are  continuous 
over  it.  The  amount  of  uplifting  at  this  time  was  therefore  approxi- 
jnately  equal  to  the  combined  thickness  of  the  Dakota  and  Benton. 
The  average  thickness  of  these  formations  north  and  south  of  Boulder 
is  not  less  than  700  feet. 

NIOBRARA  SEDIMENTATION. 

The  deposition  of  the  Niobrara  was  not  accompanied  by  note- 
worthy physical  conditions,  except  those  attributable  to  diminishing 
sediment,  removal  of  shore,  or  deepening  water.  There  is  no  evidence 
in  this  area  of  any  disturbance  at  its  close. 

PIERRE  SEDIMENTATION  AND  FOLDING. 

As  a  single  mass  of  shale,  the  Pierre  is  extraordinary  on  account 
of  its  great  extent  and  thickness.  A  discussion  of  the  factors  ade- 
quate to  produce  these  results  would  not  be  possible  from  observations 
in  this  small  area.  It  is  safe  to  assume  that  during  Pierre  time  there 
was  a  steadily  sinking  sea  bottom  and  a  steadily  rising  land  that 
had  a  relief  sufficiently  low  to  allow  thorough  decomposition.  The 
sinking  area  on  the  east  and  the  rising  area  on  the  west  were  neces- 
sarily separated  by  a  monoclinal  fold  of  increasing  height.  It  is 
highly  probable  that  this  fold  lay  along  the  line  of  the  present  foot- 
hill belt  and  that  although  its  dip  was  more  gentle  than  that  of  the 
present  great  monocline  it  determined  the  line  along  which  the  forces 
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of  mountam  nnftking  lator  gave  form  to  tibe  ate^  mcMiodixie  wfaiciL 
now  f  oUjopp  tiie  eastern  bender  of  the  Arehean  belt. 

The  record  of  dwnges  cm  the  Booldar  axdi  oonttnnes  legiMe  diB^r. 
ing  a  conddarable  fraction  of  Pu^re  time.  The  ardb  cootiniied  to 
rise  relatiTel7--tfattt  is,  it  sank  less  rapidly  than  the  adjaoeiM^  «eiii8i, 
This  is  shown  bj  the  posttimi  of  the  Hygiene  sandstone.  At  J|$«j^^9if 
this  stratum  is  separated  frmn  the  Niofalrara  l^*  barely  1,000  feel  of 
Pierre  shale.  Five  miles  fiuriher  north  the  same  shales  are  ZfiOO 
feet  thiek,  showii^  a  relative  rise  of  the  Boulder  arch  amoonting  to 
2,000  feet  daring  the  first  half  of  the  Pierre  epoch.  Hie  record  of 
the  latter  half  of  Pierre  time  is  not  dear,  because  there  are  not 
enough  outcrops  to  allow  satisfactory  determinations  of  thickness 
over  the  Boulder  ardu  The  shale-making  conditions  were  not  uni* 
form  throughout  the  epoch.  The  depodt  of  so  thick  and  continuoi» 
a  sandy  rtratom  as  the  Hygiene  sandstone  probably  indicates  a  tem- 
porary dominance  of  the  uj^fting  forces  over  subsidence. 

FOX  HILLS  SBDHf  ENTATION  AND  LARAMIB  UPLIFT. 

There  were  no  notewortihy  physical  changes  at  t^  beginning  of  txr 
during  the  Fox  Hills  epodh,  exoe^  variations  similar  to  those  which 
O03asioned  the  sandy  layers  in  the  Pierre.  The  Laramie  indicates  a 
general  uplift,  both  by  the  coarser  dharacter  of  its  sedimoits  and  by 
its  beds  of  coal. 

SUMMARY  OP  HISTORY  OP  THE  BOULDER  ARCH. 

With  the  exception  of  the  growing  monocline  which  separated  the 
sinking  sea  bottom  on  the  east  from  the  rising  land  on  the  west,  the 
Boulder  arch  is  the  index  of  all  the  crustal  deformation  definitely 
recognized  as  occurring  in  this  area  before  the  Rocky  Mountains  were 
formed.  It  is  noteworthy  that  the  forces  which  caused  it  acted  in 
a  north-south  direction.  In  the  later  deformations  east-west  forces 
were  completely  dominant. 

From  the  evidence  given  above,  the  successive  rises  of  this  east-west 
anticline  may  be  summarized  as  follows:  During  the  Boulder  and 
Lyons  epochs  there  was  a  rise  which  may  have  reached  the  maximum 
limit  of  1,000  feet.  (See  p.  55.)  The  axis  of  this  movement  was  south 
of  Boulder  Creek.  At  the  close  of  the  Lykins  there  was  a  further  ele- 
vation, approximating  850  feet.  (See  p.  61.)  In  the  interval  between 
Jurassic  and  Dakota  there  was  a  relative  elevation  whose  minimum 
may  be  placed  at  25  feet.  The  uplift  at  this  time  may  have  been  broad, 
extending  from  south  of  Gregory  Creek  to  a  mile  north  of  Sunshine 
Canyon.  At  the  close  of  the  Dakota  the  minimum  uplift  was  700 
feet  along  an  axis  between  Sunshine  and  Boulder  creeks.  In  the 
first  half  of  the  Pierre  epoch  the  further  rise  amounted  to  2,000  feet. 
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Maxima  are  given  in  some  cases,  and  minima  in  others,  but  the  sum 
of  all  the  above  amounts,  which  is  4,575  feet,  may  hv  taken  as  an 
approximation  to  the  total  elevation  of  this  anticline. 

An  examination  of  the  geologic  map  shows  that  there  has  been 
a  great  depression  of  the  Boulder  arch  since  the  formation  of  the 
Hygiene  sandstone.  If  the  strata  of  the  foothills  and  the  plains 
were  now  deprived  of  their  eastward  dip,  the  upper  beds  would 
show  a  pronounced  east-west  syncline  on  the  site  of  the  former  anti- 
cline. Even  in  the  lower  l^eds  little  of  the  former  east-west  anticline 
remains.  Since  the  Hygiene  sandstone  is  the  youngest  formation  that 
gives  evidence  concerning  the  age  of  Boulder  arch,  the  date  of  this 
flattening  can  not  be  fixed  within  narrow  limits.  A  similar  arch, 
stretching  eastward  from  (jolden,  about  17  miles  to  Ihe  south,  can  be 
studied  in  more  detail,  lHH!ause  of  the  presence  of  younger  strata. 
Emmons"  and  Eldridge  ^  held  that  the  flattening  of  the  Golden  arch 
may  have  occurred  in  Denver  time,  and  perhaps  was  due  in  part  to 
the  extravasation  of  basalt  ahmg  the  line  of  the  old  anticline.  The 
two  arches  had  almost  the  same  historv,  and  the  sites  of  both  are 
marked  by  volcanic  extrusions.  Cross  assigns  the  eruptions  to  the 
same  epoch.  Whatever  causal  relation  exists  l)etween  the  extrusions 
ne^ir  (lolden  and  the  flattening  of  the  (xolden  arch  may  also  l>e 
assumed  to  exist  l)etween  the  Valmont  dike  and  the  depression  of  the 
Boulder  arch. 

POST-LARAMIB  HISTORY, 

Post-Laramie  historv  is  recorded  in  the  defornuitions  incident  to 
mountain  making  and  in  the  forms  due  to  erosion.  The  time  of  most 
of  the  events  can  not  be  accuratelv  determined  bv  local  evidences. 

Topographic  features  due  to  erosion  are  presumably  in  the  main 
Quaternary.  They  indicate  continuous  degradation  that  has  re- 
sulted in  a  series  of  river  terraces.  With  the  exception  of  the  small 
fragments  of  the  loess  sheet  (see  p.  35)  and  a  few  isolated  alluvial 
fans,  there  are  no  fluviatile  deposits  except  thost^  left  by  degrading 
streams.  There  is  no  broad  sheet,  such  as  that  of  the  High  Plains,^' 
implying  an  epoch  of  stream  aggradation.  Everywhere  the  stratified 
rocks  of  this  margin  of  the  j)lains  have  lK»en  neatly  pared  off  by  mean- 
dering streams.  The  sheets  of  gravel  which  cover  the  planed  surfaces 
are  such  as  down-cutting  streams  should  Ik?  exj)ected  to  leave. 

«  Mon.  r.  S.  (leol.  Survey,  vol.  27.  p.  50. 
•  Id.,  p.  100 

<•  Johnson.  W.  1)..  The  High  Plains  and  their  utilization :  Twenty-first  Ann.  Rept.  U.  S. 
Oeol.  Survey.  1001.  pp.  «51   65(5 

Bull.  2r,n— 05  M 5 
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No  features  in  this  area  require  for  their  funiiiition  stivums  liifgi>r 
than  the  present  onies.  The  present  Boulder  ('rpt>k  is  n  dGgrading 
stream,  with  moderate  meanders  and  a  iH'ond  ilood  plain  sloping 
toward  the  atrwm.  Where  it  reaches  the  bluffs  which  front  its  ter- 
races the  river  is  cutting  into  the  bed  rock  bikI  plaiiinjr  uif  n  snrfacc 
on  a  level  with  the  bottom  of  its  diannel.  On  this  pkned  surface  it  is 
depositing  a  sheet  of  heavy  gravel  and  finer  nlliniiiia.  simihir  both  in 
character  and  thickness  to  the  sheets  whit-h  [•verywh^rv  cover  tiin 
mesas  and  other  terraces.  ^For  a  more  explicit  comparison  sp«  p. 
14.)  That  the  streams  which  caused  the  present  plains  topography 
were  d^rading  their  channels  is  plainly  slimvn  liy  two  facts:  (1) 
The  debris  sheets  have  a  uniformly  limited  thickness,  and  (2)  (he  ter- 
races always  slope  toward  tiie  streams  to  whicli  llii-y  wen'  flood  phiins. 
This  continuity  in  the  cutting  by  the  streains  frivcs  in  llie  erosiomil 
history  of  the  district  a  unity  which  makes  sulxlivision  imiirHctimhle. 

This  uniformity  of  erosional  history  near  llie  f(H)l  of  tlie  munn- 
tains  is  in  contrast  with  the  more  c<Hnplex  liisliii'v  nf  tlic  phiins  far- 
ther east,*  where  the  denuding  proc«ses  Imve  plainly  been  inter- 
rupted by  aggradation  one  or  more  times.  Tiic  olivioiis  iiifcrciic-c  i^ 
that  the  entire  recorded  erosional  )iistory  of  this  narrow  Iwlt  must  l>e 
matched  with  the  last  epoch  recorded  on  the  plains,  which  is  one  of 
stream  degradations.' 

It  is  entirely  natural  that  when  the  character  of  streams  is  changed, 
whether  from  aggiading  to  degrading,  or  the  reverse,  the  belt  nearest 
the  mountains  should  be  the  first  to  suffer  complete  obliteration  of  the 
records  of  former  conditions.  The  rivers  may  recently  have  acquired 
increased  cutting  imwer  by  an  uplift  on  the  west  that  increased  their 
grade,  or  by  an  increase  of  rainfall,  or,  as  Johnson  suggests,  by  a 
mere  cooling  of  the  climate,  which  would  decrease  evaporation.  In 
any  case  the  upper  course  must  first  be  cut  down  and  in  this  the 
records  of  former  aggradation  will  first  be  erased.  If  the  change 
of  stream  habit  be  the  reverse,  the  prompt  burial  of  features  near 
the  mountains  is  equally  well  understmtd.  If  the  clinuite  i«  mod- 
erately arid,  as  in  the  area  under  consideration,  there  is  an  additional 
reasjon  for  the  prompt  erasure  of  aggradation  records  near  the  moun- 
tains, asTunning  water  is  more  abundant  there,  many  streams  actually 
lo     g    ol  n     a    th      p   >c    d 
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KCOXOMIC  (iEOLOGY. 

WATER. 
SI  RFACE    ZONE. 

Ground  water  in  tho  area  under  consideration  is  found  at  moderate 
depths.  Over  the  well-drained  parts  of  the  plains  it  is  coninionly 
encountered  at  depths  of  from  10  to  20  feet.  Since  the  bed  rock  is  in 
large  part  relatively  impervious  shale,  the  slojx*  of  the  «n'ound-water 
surface  is  very  similar  to  the  Aope  of  the  ground.  One  bluff  40  feet 
high  is  quite  dry  at  the  base,  l)ut  on  the  terrace  above,  less  than  200 
feet  from  the  bluff,  water  is  found  at  a  depth  of  12  feet.  The  surface 
shales  are  everywhere  more  j)ermeable  than  the  unweathered  rock 
l)elow,  and  the  movement  of  water  in  them  is  freer  than  at  greater 
depths.  In  drilling  oil  wells,  therefo!*e,  it  is  found  necessary  to 
case  off  this  surface  water. 

DEEPER   ZONE. 

Below  this  superficial  zone,  which  is  25  to  50  feet  thick,  the  shale 
is  so  dense  and  the  consecjuent  movement  of  the  w^ater  so  slow  that 
wells  are  spoken  of  as  "  dry.*"  At  irregular  intervals  within  the 
shales,  as  deep  as  the  formation  has  been  explored  in  drilling  for  oil, 
are  sandier  Ix^ds  of  limited  lateral  extent.  In  these  the  movement 
of  the  water  is  more  rapid,  and  after  drilling  through  them  it  is 
sometimes  nece.ssarv  to  casc»  off  the  water  from  thest*  deeper  sources. 
When  the  character  of  the  water  is  suitable,  these  beds  might  afford 
supplies  for  deej)  wells,  but  the  water  is  not  infrequently  slightly 
saline,  and  it  may  lx»  a  brine.  Flowing  wells  are  not  obtained  from 
these  sources  in  the  Pierre  shales,  nor  are  they  expected,  on  account 
of  the  limited  lateral  extent  of  the  sands  and  their  close  texture  where 
unweathered. 

FI/)WIN(;    WELLS. 

South  of  Burnt  Knoll,  almut  (>  miles  southeast  of  Boulder,  a  faint 
How  of  water  was  obtained  from  the  Laramie  at  a  dej)th  of  80  feet. 
A  similar  flow  was  obtained  at  Lafavette,  11  miles  east  of  the  foot- 
hills,  at  various  depths  Ix^tween  400  and  700  feet.  It  was  encoun- 
tered while  drilling  for  oil. 

At  the  north  end  of  the  field  the  Stuart  well,  drilled  for  oil, 
encountered  abundant  water  in  the  Morrison  formation.  At  last 
accounts  (April,  1904)  the  well  was  still  flowing.  It  is  located  on 
the  Pierre  shales,  one-half  mile  east  of  the  Dakota  outcrop  (SW.  i 
of  sec.  5,  T.  2  N.,  R.  70  W.).  The  dip  of  the  beds  at  the  surface  is 
here  20°.     The  succession  of  strata  passed  through  leaves  no  doubt 
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that  the  Morrison  was  encountered  at  a  depth  of  1,3S6  fit't.  If  all 
the  beds  passed  through  dip  at  an  angle  of  26°  and  hare  tlu-  tJiickncss 
given  above,  under  the  heading  "Stratigraphy"  (pp.  20  i>t  iseq.), 
the  Morrison  should  have  been  found  at  a  somewhat  greater  ilpptli 
than  1,336  feet.  Probably  at  a  short  distance  below  the  surface- 
the  dip  is  less  than  at  the  surface,  where  it  has  been  stt-epeneil 
by  the  process  described  above  as  tending  to  produce  a  fan  striir- 
ture.  The  water  is  from  a  horizon  about  60  feet  below  the  top 
-of  the  Morrison;  it  is  therefore  from  one  of  the  upper  IhhIs.  prob- 
ably from  the  **  Saurian  "  sandstone.  This  supposition  is  sujiported 
by  the  fact  that  the  water  comes  from  yellow  sand.  IVi'sinnulilv 
the  lower  and  larger  Morrison  sandstones,  and  especially  Ihc  Im^nl 
stratum,  would  yield  water  still  more  copiously.  Thi^  assuuiption 
is  supported  by  observations  on  the  small  stream  flowing  i>nst  over 
the  Lykins  and  Morrison  outcrops  in  Lykins  Canyon.  The  channd 
when  examined  was  dry  as  far  as  the  outcrop  of  the  Morrison.  At 
this  point  water  appeared  within  a  few  yards  and  there  was  a  flow- 
ing stream.  No  well,  however,  has  reached  these  lower  beds,  tiie 
Stuart  being  the  only  one  which  is  known  to  have  entered  the 
Dakota.  The  fai^  dip  of  the  strata  makes  it  impracticable  to  obtaui 
water  from  even  the  best  beds  of  the  Morrison  except  within  a  nar- 
row strip  east  of  the  foothills. 

WATER   IN    THE   DAKOTA. 

Water  was  obtained  in  the  Stuart  well  from  the  Dakota,  but  not 
in  amount  to  be  compared  with  that  from  the  Morriwn.  The  rela- 
tions of  the  Dakota  are  not  favorable  to  any  great  water  supply  for 
northern  Colorado.  The  hardness  of  the  formation  causes  it  to 
onfcrop  in  a  sinjjle  rocky  ridge,  whioh  quickly  sheds  the  precipita- 
tion and  is  unfavorable  to  percolation.  True,  the  outcrop  is  crosssed 
by  streams  flowing  from  the  mountains,  but  even  this  Intake  must 
yield  a  small  supply  on  account  of  its  extremely  restricted  area. 
Moreover,  the  Dakota  sandstone  is  practically  sealed  below  by  rela- 
tively impervious  shales  and  clays,  and  therefore  can  not  receive 
much  of  the  water  that  penetrates  the  lower  strata  whifh  outcrop 
wciit  of  the  Dakota  hogback.  If  the  Dakota  of  northern  Colorado 
l>e  compared  in  these  various  i'esi>ects  with  other  well-known  water- 
bearing stratn — for  example,  the  Potsdam  of  central  Wisconsin,  or 
even  the  Dakota  sandstone  of  the  Hlack  Hills — its  area  of  intake 
will  l>e  seen  to  Ix'  very  small  and  to])ograi)hieally  unfavorable  to 
percolation.  The  slow  inflow  into  the  Stuarl  well  from  this  for- 
mation also  indicates  that  it  is  denser  than  the  sandstones  of  the 
Morrison.  The  Morrison  sandstones,  though  nnidi  thinner  than 
the  Dakota,  outcrop  in  a  valley,  or  on  the  western  sIoik*  of  the  great 
ridge  of  which  the  Dakota  forms  the  crest.     In  either  case  their 
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edges  are  generally  covered  with  a  sheet  of  loose  waste,  favorable  ^o 
percolation. 

BUILDING  STONE. 

In  the  matter  of  building  stone  the  area  here  descril)ed  is  typical 
of  a  much  longer  stretch  of  the  foothill  l>elt  of  wiiich  it  forms  a 
part.  Most  of  the  formations  yield  valual)le  economic  products, 
the  building  stone  coming  nmiidy  from  strata  not  younger  than 
Jurassic. 

ORANITE. 

Within  the  area  mapped  granite  has  not  yet  been  quarried  or 
even  studied  with  reference  to  its  use  as  building  stone.  Apparently, 
however,  the  area  nuiy  furnish  granite  for  architectural  purposes 
of  suitable  grain,  color,  strength,  and  size  of  block. 

THE   RED   ROCK. 

The  great  mass  of  the  Fountain  red  rock  is  not  appropriate  to 
building  purposes.  Locally,  however,  there  are,  near  its  sununit, 
l)eds  of  the  finest  quality  of  structural  stone.  One-fourth  mile 
north  of  Fourmile  Canyon  a  quarry  has  recently  been  opened  at  this 
horizon  to  supply  material  for  the  new  Episcopal  (Church  at  Boulder. 
In  contrast  with  the  prevailing  arkose  character  of  the  F'ountain, 
these  exceptional  beds  are  even-grained,  quartz  sands,  containing 
only  here  and  there  minute  grains  of  feldspar.  Biotite  scales  are 
rather  plentiful,  and  are  arranged  parallel  to  the  l>edding,  so  that 
transverse  faces  show  only  very  minute  black  lines,  whi(?h  are  not 
sufficiently  prominent  to  indicate  the  position  of  the  l)ed(ling  except 
by  very  close  examination.  The  stone  is  of  a  light  pink  color,  which 
runs  uniform  so  far  as  the  quarry  referred  to  has  been  worked. 
Except  in  the  biotite,  all  the  contained  iron  is  supposably  in  the 
j>eroxide  form,  and  the  stone  contains  nothing  to  cause  a  stain  upon 
exposure  to  the  weather.  The  stone  is  massive  and  nnist  l>e  dressed 
on  all  sides  of  the  block.  Blocks  which  dress  2  or  3  cubic  feet  are 
frequent.  The  strength  has  not  l)een  tested,  but  there  is  no  doubt 
an  ample  margin  beyond  the  needs  for  all  ordinary  building  pur- 
poses. 

LYONS    SANDSTONE. 

This  is  by  far  the  most  abundant  rock  of  economic  importance 
w  ithin  the  area  descrilx^d,  and  probably  w^ithin  the  foothill  belt  north 
of  Denver.  ^The  name  "  creamy  "  sandstone,  which  is  often  applied 
to  it,  is  unfortunate,  for  it  is  distinctly  pink.     It  v>aries  somewhat  in 
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color,  however,  and  »t  oae  vxtiviui'  it  may  reach  iiii  almost  rrostny 
tint,  while  at  the  other  it  ma.v  \<f  n-d.  Slill,  llic  yrwit  muss  ia  s« 
uniform  that  atone  from  many  ijUiinii'!.  inifrhl  easily  !«■  uwecl  in  one 
building.  The  standard  colm-  nf  iliiw  stum-  hiis  more  of  tiie  creamy 
and  less  of  the  vermilion  tint  than  tliul  of  the  rock  quarricHi  Froni 
the  Fountain  sandstone.  It  does  not  develop  any  discoloration  in 
the  wall. 

In  composition  the  stone  ir^  of  the  pnrcst  even-grainetl  (]iiar1z 
sand,  its  siliceous  cement  di-iiving  its  color  from  f«rric  iroiL  The 
cement  is  so  abundant  as  to  umke  the  stone  quart:<itic,  and  it  is  knowu 
in  the  trade  as  a  crystalline  ^suiiUbUjiit:. 

The  distinguishing  feature  of  the  structure  of  tliis  stont^  is  its 
delicate' lamination  and  perfect  partings  in  the  quiirry.  Fifty  lami- 
nations to  the  inch  may  son^times  be  readily  iHstinguishcd,  but  at 
a  distance  of  a  few  feet  the  lines  are  invisible  iind  the  .stone  has  n 
uniform  tint.  Occasional  stronger  lines  may  make  the  lamination 
more  prominent. 

In  the  quairy  the  stone  parts  perfectly  into  thicknesses  varying 
from  a  fraction  of  an  inch  to  more  than  a  foot.  Fln^slones  of  cim- 
veni^t  thickness  and  having  as  much  as  60  or  even  SO  sqimre  feet 
of  surface  may  be  obtained.  The  flagstone  imhisii-}'  liiis  its  cenler 
at  Lyons,  about  S  miles  north  of  this  area.  Nenr  Bmilder  the  thick- 
ness of  the  beds  is  generally  greater,  and  the  stone  is  mmmonly  quar- 
ried for  hnildinjr.  The  blocks  for  this  purpose  may  l>e  as  thick  ns 
15  inclies.  but  the  avenige  is  jmibably  not -ti hove  8  inches.  As  the 
I)e(l(1ing  planes  are  perfectly  smooth  and  parallel,  the  blocks  require 
dressing  on  four  sides  only.  Both  the  convenience  and  the  Htren0h 
of  this  stone  cause  its  general  use  in  foundations  in  the  near-by 
towns  and  cities.  It  is  also  used  for  the  superstructure  in  some 
large  and  handsome  buildings.  The  stone  is  likewise  in  common  use 
for  sills  and  cnrbings.  As  pointed  out  on  page  '24.  the  bedding  planes 
observed  in  nearly  all  quarries  of  the  Lyons  sandstone  are  those  of 
the  cross-l>etlding.  having  had  a  dip  toward  the  shore  on  the  west 
when  deposited. 

The  amount  of  this  stone  in  northern  Colorado  is  enormous.  If  its 
workable  thickness  in  this  area  avei-ages  .10  feet  and  if  quarries  l»e 
worked  too  feet  down  the  dip  of  the  stratum,  each  linear  mile  of  the 
foothill  Iwlt  would  yield  I,(KIO.O0O  cubic  yards  of  stone. 

KE[)   SANOSTONE   OF   THE   LfKINS. 

Stone  from  this  series  of  beds  is  not  quarried  in  this  area.  At  a 
few  places  tJie  Lykins  yields  a  very  fine-grained  and  close-textured 
red  sandstone,  easily  worked  and  iviidily  obtained  in  large  bliH-ks. 


PKXNEMAX.l  BUILDING   STONE.  71 

The  same  stone  occurs  abundantly  within  this  area,  but,  whether  from 
the  reix^ated  warping  of  the  Boulder  arch  or  from  the  diagonal  com- 
pi*ession  resulting  in  the  echelon  folds,  it  is  tiM)  much  fractured  to  Ih» 
obtained  in  large  blocks.  This  is  the  case  at  each  of  the  few  places 
where  it  has  been  prospected. 

WHITE  SANDSTONE  OF  THE  JURASSIC. 

The  chief  quarry  o{)ene(l  in  the  lowest  Morrison  sandstone  stratum 
is  known  by  the  name  of  Doctor  Bond.  The  product  of  this  quarry 
is  a  slightly  calcareous  sandstone  of  moderate  strength,  of  a  gray 
color,  inclining  toward  yellow  rather  than  blue,  and  having  no  lami- 
nation or  subordinate  bedding  planes  within  a  10-foot  stratum.  It  is 
not  always  free  from  iron  stains,  which  may  appear  in  the  quarry  or 
may  develop  after  building  into  the  wall.  Large  dimension  stones 
are  readilv  taken  out  and  easilv  worked.  The  bed  in  which  this  one 
quarry  is  opened  has  a  fairly  uniform  thickness  and  character  for 
many  miles.  It  is  probable  that  in  the  future  this  stone  will  be  quar- 
ried much  more  extensively. 

lUJILDlNG    STONES    FROM    THE    CRETACEOUS. 

But  little  stone  is  quarried  from  strata  younger  than  Jurassic.  The 
Dakota  is  very  strong,  but  difficult  to  work,  the  blcK'ks  generally 
requiring  dressing  on  all  sides.  Within  this  area  it  need  scarcely  be 
taken  into  account,  as  it  is  accompanied  by  other  formations  contain- 
ing such  vast  stores  of  more  desirable  material. 

The  massive  sunmiit  sandstone  of  the  Fox  Hills  is  quarried  in 
considerable  quantity  farther  north.  It  is  but  little  exposed  within 
this  area,  and  where  found  it  is  commoidy  too  weak  for  structural 
purposes.  Beyond  the  eastern  border  of  the  area  it  is  not  improbable 
that  this  stone  will  be  found  locally  of  fair  quality. 

The  white  sandstone  of  the  Laramie  can  scarcely  be  called  a  com- 
mercial product.  It  is  present  in  great  quantities  and  easily  taken 
out  and  worked  in  blocks  of  large  dimensions,  and  a  few  houses  have 
been  built  of  it.  Its  strength,  however,  is  small,  and  it  is  much  stained 
w  ith  iron. 

GRINDSTONE. 

The  white  sandstone  at  the  base  of  the  Morrison,  which  is  used 
for  building  purposes  as  described  above,  is  locally  used  for  grind- 
stone and  enjoys  considerable  favor.  About  a  mile  north  of  Altona 
a  quarry,  know  n  as  the  "  Grindstone  quarry,"  has  been  opened  by 
Peter  Haldi,  of  Altona.     The  few  grindstones  from  this  source  which 
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are  in  regular  u^e  have  been  dressed  by  hand.  To  all  appeanuKW! 
they  are  doing  their  woric  in  a  highly  satisfactory  manner*  3110' 
grain  is  &irly  diarp,  the  cement  is  ywy  slightly  calcareous,  and  iitt^, 
stone  is  easily  dre^ed.  SeNi'eral  mudi-used  surfaces  seemed  to  W 
clogged  with  the  muddy  products  of  the  abrasion  of  the  stone  itself, 
but  the  users  maintain  that  sudi  an  occurrence  is  the  result  of 
improper  use.  The  crude  methods  of  quarrying  have  produced 
rather  small  and  ill-shaped  blocks,  but,  judging  from  the  same 
stratum  where  quarried  lor  building  purposes,  this  does  not  indicate 
any  fault  in  the  stone  itself.  Suitable  shapes  and  sizes  can  nojloubt 
be  easily  obtained. 

LIMB. 

The  production  of  quicklime  is  carried  on  to  a  Umited  esEtent^ 
The  stcme  used  is  mainly  from  the  basal  stratum  of  the  Niol^*anu 
At  various  places  also  the  limestone  lenses  of  the  ^^  crinJ^ed  ^  sand- 
stone in  the  Lykins  have  been  utilised ;  occasionally  also  the  beds  in 
the  Morrison.  The  limestone  of  the  Niobrara  is  highly  magnesaan  * 
and  very  dense.  On  account  of  its  density  it  does  not  calcine  very 
readily  and  the  large  percentage  of  magnesia  makes  a  ^  cool "  lime.  . 

CXJiYS. 

OPPORTUNITIES   FOR   THE   BRICK   INDUSTRY. 

The  brick  industry  at  Boulder  is  already  large  and  there  is  no 
necessary  limit  to  its  expansion,  except  the  size  of  the  market,  the 
raw  material  being  presumably  inexhaustible.  It  appears,  however, 
that' the  Pierre  shale,  which  is  the  chief  resource  for  red  brick,  is  not 
entirely  uniform  in  its  brick-making  properties.  Yards  within  the 
limits  of  Boulder  produce  bricks  differing  in  shrinkage,  density,  and 
strength.  As  the  surficial  aspect  of  the  Pierre  shales  is  highly 
uniform  for  long  distances,  it  is  very  probable  that  laboratory  tests 
will  come  into  general  use  in  the  locating  of  yards  as  the  industry 
expands. 

Red  brick  must  always  constitute  the  chief  product  of  the  clay 
industry.  Three  plants,  each  with  a  capacity  of  20,000  bricks  a  day,  * 
are  operating  steadily  at  substantially  full  capacity.  These  are  all 
using  the  Pierre  shale  and  are  practically  within  the  city  of  Boulder. 
The  Benton  has  not  been  used.  At  present  all  the  pits  are  on  mesa 
edges,  the  mesa  in  each  case  being  from  30  to  50  feet  higher  than  the 
adjacent  lowland.     While  such  a  situation  may  be  desirable  from 

B  An  analysis  of  Niobrara  limestone  is  given  by  Eldrldge,  op.  cit.,  p.  07.  It  shows 
18.08  per  cent  MgO. 
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the  standpoint  of  moisture  conditions,  it  is  mainly  a  matter  of  con- 
venience, and  must  not  be  understood  to  Ix^  necessary.  There  is 
nothing  to  bar  from  future  use  any  part  of  the  shales  of  the  Pierre 
l>elt  as  shown  on  the  map. 

SHALE    SUPPLY. 

At  each  of  the  three  pits  the  shale  is  covered  with  the  rough  mesa 
gravel,  which  at  one  place  has  a  thickness  of  15  feet,  and  which  is 
removed.  Where  the  mesa  gravel  is  almost  absent,  the  clay  resulting 
from  decomposition  of  the  shale  may  he  as  thick  as  2J  feet,  but  this 
is  of  no  significance  in  the  manufacture  of  brick.  Where  the  mesa 
gravels  are  thick,  the  clay  is  wanting.  The  shale  is  almost  free  from 
lime,  though  some  highly  calcareous  nodules  occur,  sometimes  con- 
taining fossils.  Occasionally,  also,  a  thin  plate  of  shale  is  dark  and 
hard  with  impregnated  iron,  but  the  quantity  of  such  is  almost 
negligible. 

If  the  sliale  is  not  reduced  to  clay,  it  is  not  to  be  understood  that 
it  has  been  entirely  unaffected  by  w^eathering.  Its  bedding  remains 
|)erfect  and  it  is  apparently  unweathered,  but  where  excavation  is 
deep  the  color  is  always  observed  to  change  from  a  greenish  drab 
alK)ve  to  something  darker  (commonly  called  "'  black ")  below. 
Throughout  the  l>elt  underlain  by  the  Pierre,  though  the  normal 
color  varies,  the  surficial  zone  shows  almost  the  same  greenish-drab 
color.  This  ends  abruptly  at  a  depth  of  30  feet,  more  or  less.  In 
the  black  shale  (or  "slate")  below  lamination  is  less  apparent,  and 
large  masses  break  with  a  conchoidal  fracture.  Naturally  the  con- 
cretions are  not  ol)served  w^ithin  this  fresh  mass,  as  they  are  in  the 
partly  w^e^thered  zone,  from  which  they  roll  out  upon  blasting.  The 
shales  of  the  upper  zone  have  little  grit  when  tried  between  the 
teeth. 

A  partial  analysis  of  the  shale  from  the  Austin  yard,  made  by 
Prof.  C.  S.  Palmer,  is  given  by  Mr.  Austin,  as  follows: 

Analyshs  of  shale  from  Austin  yard,  Boulder. 

Ver  cent. 

SiOj 00.0 

AljO, 18.0 

FO2O3 4.75 

Mg(> 2.0 
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An  uiialysiR  of  a  single  selected  lump  (mit  a  mixed  siini[)lft  of  tlie 
shale  from  Mr.  Lee'«  yanl,  m«di-  by  Mr.  W.  li.  Stoi!(liir.l.  itf  HonliK-r. 
■nd  funiislicd  by  Mr.  Lee,  is  as  follows: 


AiMllMlit  01  tKuUs  !rt., 

111  l.r-' 

gn 

■•■A. 

BoHl.hr 

I'er  wot. 

Mfi, 

7«ii/>                                                                                                 ^^1 

T«- 1™  i«iH«.                                      ffim 

PMX;eASR8  OF  BBK'K.  MANUFACTPRE. 

The  material  is  fii-at  loosened  by  blasting.  C'^mcretions  are  thrown 
out,  diiefly  to  save  weiir  in  the  crusher.  They  ai-e  said  to  Iw  harmless 
io  the  liriok  if  crtished  sufficiently  fine.  In  one  of  the  thrcv  pits  tlio 
Wack  shale  below  is  not  reached.  In  another  it  is  reached  at  the 
bottom,  hut  not  used.  At  the  Austin  works,  on  the  north  side  of  the 
city  of  Boulder,  it  is  taken  out  and  used  along  with  the  shnlo  of  the 
higher  zone.  Tt  is  harder,  drier,  and  less  plastic,  and  is  therefore 
mixed  with  the  partly  weathered  material.  When  thus  mixed,  no 
difforeufc  in  the  resulting  brick  can  \k  detected,  and  there  is  no  incon- 
venience in  the  manufacture.  If  projjerly  ground,  the  unweathered 
black  shale  may  i)o.  mixed  with  the  weathered  shale  in  equal  parts. 
The  blasting  of  this  fresher  shale  in  the  autumn  and  its  weathering 
■  or  slacking  through  the  winter  has  been  tried,  but  no  notable  differ- 
ence was  produced. 

The  shale  is  crushed,  screened,  and  pressed  dry.  Generally  the 
moisture  of  the  bank  is  sufficient  for  the  pressing  process.  When  the 
shale  is  too  dry  it  is  moistened  in  the  crusher.  No  mud  bricks  are 
made. 

The  burning  is  in  up-draft  kilns,  which  generally  have  permanent 
wails  for  two-thirds  or  three-fourths  of  the  height.  One-half  to  two- 
thirds  ton  of  h>cal  (Marshall  or  Louisville)  coal  per  1,000  bricks  is 
used  in  the  burning.  Mr.  Austin  has  installed  a  gas  plant,  and  the 
project  of  burning  with  gas  may  be  said  to  l)e  on  trial. 

The  shrinkage  in  Iwith  drying  and  burning  of  tlie  best  and  strongest 
samples  tested  was  bnt  one-sixteenth  inch  in  the  height  of  the  brick 
(4  inches),  or  less  than  3  inches  in  the  height  of  the  kiln.  Either  by 
reason  of  difference  in  the  clay  or  in  tlie  burning,  this  slirinkage 
varies  at  other  yards  to  a  maximum  of  ttiret^-sixteenths  of  an  inch  per 
brick,  or  7^  inches  in  a  kiln  40  bricks  high. 
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Ql  ALITY    OF   TlIK    HRIC'K. 

Staiidanl  tests  made  upon  the  iv<l  bricks  by  Prof.  L.  Duncan,  of  the 
University  of  Colorado,  show  an  average  crushing  strength  for  the 
l)est  brick  e<iual  to  4,100  pounds  per  s(iuare  inch."  Supported  at  the 
ends  (supports  (>  inches  apart)  and  loaded  at  the  center,  the  same 
bricks  showed  a  nuixinium  fil)er  stress  of  498  pounds  per  square  inch. 
The  same  bricks  absorbed  water  equal  to  11.2  per  cent  of  their  weight 
in  fifteen  minutes,  11.0  per  cent  in  thirty  minutes,  and  11.1)  per  cent 
in  twenty-four  hours.  The  promptness  with  which  these  bricks 
absorbed  nearly  the  whole  amount  of  water  which  they  were  capable 
of  containing  indicates  largeness  of  the  individual  pores.  The  more 
rapidly  water  is  absorbed,  the  more  rapidly  it  is  lost,  and  the  prob- 
ability that  a  sudden  freeze  should  find  the  pores  of  these  bricks 
filled  with  water  is  very  small.  This  statement  does  not  apply  to 
bricks  laid  below  the  water  line.'' 

No  attempt  has  been  made  to  make  vitrified  brick  on  a  com- 
mercial scale  at  the  Boulder  yards.  Experiments  have  been  carried 
xm  in  this  line,  and  a  very  good  brick  resulted,  but  th(»  shrinkage  was 
great.  In  two  tests  it  was  seven-sixteenths  inch  and  one-half  inch 
in  the  height  of  the  brick  (4  inches). 

BRICKS   OF    LIGHT    (X)U)R. 

For  several  years  past  small  quantities  of  light  brick  of  a  prevail- 
ing creamy  (rolor  have  lx»en  burned  at  the  Boulder  yards  from  clay 
brought  by  wagon  from  the  coal -mining  districts  to  the  southeast. 
The  first  clay  for  this  purpose  was  brought  from  Coal  Creek.  The 
largest  amount  has  come  from  an  abandoned  coal  mine  at  Marshall, 
from  8  to  4  feet  of  the  clay  being  taken  from  the  floor  of  the  mine. 
More  recently  a  number  of  samples  from  near  Burnt  Knoll  have  been 
tested,  and  encouraging  results  are  reported. 

Tests  of  light  bricks  from  the  Marshall  day  gave  a  crushing 
strength  about  ecjual  to  that  of  the  Ix^st  red  brick  (4,090  pounds  per 
square  inch),  a  maxinuun  fiber  streks  al)out  two-thirds  as  great  as 
that  of  red  brick  (8*V2  pounds  per  square  inch),  and  absorption 
slightly  greater  than  that  of  the  red  bricks  (12.5  per  cent  in  twenty- 
four  hours). 

Red  brick  sell  in  Boulder  at  $7  to  $9,  the  last-named  price  being 
for  facing  l)ri<*k.     The  common  price  f.  o.  b.  for  shipment  is  $10 

"This  mny  Ik?  compared  with  the  strength  of  one  of  the  Ijest-known  building  stones  of 
the  I'nited  States,  the  lledford  limestone  of  Indiana,  which  showed,  in  17  tests,  an  aver- 
iiiH^  crushing  strength  ot  4.;ilM>,7  pounds  i>er  square  Inch. ---Twenty  first  Ann.  Rept.  Indi- 
ana Dept.  (Jeol,  Nat.  Resources,  p    rjIT, 

^  See  Hucldey.  K.  R..  Building  and  ornamental  stones:  Bull.  Wisconsin  (>eol.  and  Nat. 
lUst.  Survey  No.  4,  1S1)8.  p.  I'D. 
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per  Uiousand.  Buff  brick  have  not  been  expoi-tcl.  Tliey  ^ell  in 
Boulder  at  $20  per  thousand. 

;  Just  beyond  the  western  border  of  the  area,  near  Sunshine,  is  a 
deposit  of  kaolin,  mudi  of  whii^  ia  to  ill  appcarunces  wry  pure.. 
Probably  the  depoeit  is  due  to  the  alteration  of  feldspars  in  a  peg- 
matite dike.  The  day  is  white  and  withoat  ^ril.  Some  of  it  ii^ 
stony  and  contuns  kaolinite  crystals.  np(Hi  grinding  and  wetting 
it  beoomes  thoroo^y  plaatac  ^Ba^^mmmm^^ 


A  anall  part  of  die  northern  Colorado  ooal  field  lies  within  tbe 
area  here  destxibed.  The  whole  field  was  carefully  studied  by 
Eldridge,"  who  has  described  the  structure,  discussed  the  quality  of 
die  coaJ,  and  correlated  the  seams  of  the  different  distriotB.  Since 
the  publication  of  his  work,  in  1896,  several  new  mines  have  been 
opened,  bat  these  have  revealed  no  structural  relation  not  known  and 
discussed  in  Mon(^;raph  XXVTI.  The  reader  will  find  in  that  poUi- 
cation  substantially  all  that  is  known  in  n^^ard  to  the  geol<^c  rda- 
tions  of  the  coaL 

OIL  AHD  OA8. 

BCRFAOI  nnHCATK>NS. 

The  development  of  oil  and  gas  in  the  Boulder  area  began  in  1001, 
though  their  presence  was  suspected  and  rumored  us  early  as  18G7.* 
The  early  beliefs  were  based  upon  grounds  which  might  now  be 
regarded  as  far  from  demonstrative.  The  subsequent  finding  of  oil 
must  therefore  be  regarded  largely  as  a  piece  of  good  fortune  rather 
than  the  assured  outcome  of  a  safe  business  venture.  The  evidence 
consisted  largely  in  the  strongly  bituminous  odor  of  the  Benton  and 
Niobrara  limestones  and  shales.  It  was  therefore  assumed  that  the 
strong-smelling  rocks  were  themselves  the  reservoirs  of  petroleum, 
and  in  the  first  developments  there  was  no  thought  of  finding  oil 
above  these  beds.  Oil  was  foimd  several  thousand  feet  higher  than 
these  two  formations,  which  have  never  produced  anything  of  this 
nature.  They  have  the  same  characteristic  odor  near  the  oil  fields 
and  far  away.  It  was  reasoned  out  with  equal  certainty  that  the 
Benton  and  Pierre  shales  must  produce  coal  on  account  of  their  black 
color.  In  fact,  it  was  while  prospecting  for  coal  in  the  Benton  that 
the  project  of  drilling  for  oil  was  fii-st  conceived. 

A  second  class  of  surface  indications,  not  found  nearer  than  about 
10  miles  from  Boulder,  consists  of  seepages  and  "oil  springs."     The 

a  op.  cll..  p.  34!>. 

>  A  t>rlpt  hiHiorlcal  account  or  tbiB  Industry  l«  k'lveD  hy  the  writer  In  BuU.  V.  B.  a«ol. 
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fact  that  several  such,  most  persistently  re])orted,  are  on  the  Archean 
granite  west  of  the  foothill  outcrops  of  stratified  rocks  shows  that 


Oji  R.70W. 


Well3  which  have 
produced  oil 


Scale 


O  Dry  wells 


I  mile 


Fh;.  0.— Mnp  showing;  location  of  oil  woIIh  In  the  productive  area. 

the  distinction  In^tween   the  various  kinds  of  o\l\   sv\b^\^w^viv^  ^^^ 

V 

poorly  made.     Some  of  the  springs  which  iv^sue  itorcv  V>w^  YqxwvVwcs. 
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red  rocks  ue  abimdantly  co«t«d  with  uily  inuttcr  at,  im  j;ii>>it  dis- 
tance frtoQ  the  point  of  iasautce,  und  theM-  Kprin^  hiivp  been  1nk<>ii 
very  seriooialy  by  oil  pK»peotor8,1iii(  in  nutic  uf  tht»^-  exHinincd  wa» 
the  odor  of  petroleum  detected.  The  wpll-known  nil  s)'!*'"^  <)■'  ^^<^ 
bank  of  the  Little  Thompson,  on  IIif  Culver  rnndi.  17  miles  north  of 
Boolder-,  imiMS  inm  tf>e  haatj  sftntlHtono^momWi-  of  the  Pierre, 
which  hu  been  called  in  this  report  Ihe  Hytrienc  sundsUiau.  ThisiH 
a  aeeptkSiB  of  petroleum.  jH 

OIL-BBUaN<]    AKKA.  ^1 

On  the  evidence  of  theee  phenomena,  uirn)borat(^>(l  bv  tlio  positive 
behavior  of  "bobbers,"*  several  welln  wero  drilled.  Tit  .luiiuary. 
1901,  the  McKenaie  well,  8  miles  northea'il  of  Boulder.  i>1ru('k  oil. 
Since  that  time  there  has  bera  mure  or  h>ss  drilling  fmrn  Furl  Cnl- 
linB  on  the  north  to  Golden  on  tlie  south.  Sheet  XII  of  Havilen'si 
atlas  has  been  freely  oaed  as  "  Hnydeti's  oil  map,"  und  land  imdcrlHiii 
l^  his  Colorado  group  (which  iinliiilvs  the  Pierre)  has  l»een  well 
advertised  as  lying  within  '*fiaydeiiV  oil  Ml."  Dt^vetopnienl  Iiuk 
been  sucoessfal  only  within  a  limited  Hi-en,  the  center  of  which  in 
from  3  to  4  miles  northeast  of  the  city  of  BoiiIdiT  and  n  little  kws 
than  8  miles  east  of  the  foothills.  About  too  wclb  front  :iOO  lo  over 
8,400  feet  in  depth  have  been  drilleil  within  Ti  miles  of  the  McKcnsiic 
and  about  20  more  are  scattered  over  the  area  between  Fort  Collins 
and  Golden.  Most  of  the  wells  (about  70)  are  within  a  rectangle  2 
miles  east  and  west  by  3  miles  north  an<l  south,  comprising  sees, 
S,  9,  Ifi,  17,  20,  and  21,  T.  1  N..  R.  70  \V.  of  the  sixth  principal 
meridian.  Within  this  rectangle  are  all  the  producing  wells  except 
the  Boulder  Illuminating,  a  very  small  producer  in  sec.  10  only  a 
few  feet  from  the  eastern  boundary  of  the  rectangle  named,  and  the 
Buffalo  gas  well,  which  lies  1  mile  south  of  the  rectangle. 

The  following  list  gives  the  location  of  wells,  the  total  depth,  and 
the  depth  at  which  oil  was  found.  The  accomi>anying  sketch  map 
(fig.  0,  p.  77)  shows  the  locations  of  all  wells  within  the  productive 
area.  Some  of  the  dry  wells  ai-e  comparatively  shallow;  fherefort! 
in  determining  their  significance  their  depths,  as  shown  in  the  table, 
should  l)e  taken  into  account. 


'  The  exiict  lorntiou  of  n  large  proportion 
thla  mennB.  The  principle  on  which  tlie  u» 
which  tbe  proper  »1te  of  n  water  well  la  i 
wltcb-haiei  apmiit  wlien  helit  In  the  hand, 
been  taken  down  Rtid  removed  to  diBtnnces  n 
of  the  bobber  after  their  erectioD. 


of  the  wells  of  ihl 

9   Held   hBR  l>cen   nxed 

■  of  the  Imlilier  resti 

.   Is  the  same  na  that 

letermlned   by   the   1 

Id   two   Instsncea. 

completed  derricka   ho 
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Wells  in  the  liouldrr  (fistrict.n 
WELLS  THAT  IIAVE  AT  SOME  TIMK  rUODUCED  OIL. 


No. 


Name. 


o 

8 
4 


5 


6 
t 

8 

9 

10 

11 


i2  1 


13 
14 
15 
16 
17 
18 
20 
21 


23, 
24  ' 
25 
26 

27 

I 
28  , 

I 


Bradford  No.  1 

Bonlder  Valley 

Bonlder  Valmont  No.  2 

Otero  No.  1 

Oter.)  No.  8 

Otero  No.  4 

Otero  No.  5 

Savanna  No.  D 

Savanna  No.  4    . 

Savanna  No.  5  (YounKlove). 

Dismnke .   

Orcini 

McAfee  No.  1 

McKenzie 

Republic  No.  1 

Wellington 

Bingham  

Arnold 

WisconHin  No.  2     

Crawford 

Central 

Two-ten .     

Otero  No.  2 

St.  George 

Boulder  Illuminating 

Bradford  No.  2  .  _ 

Savanna  No.  2 


Depth. 

Feet. 

2, 404       I 

2, 050  T. , 

1,960       I 

1,718 

1,905- 


Depth  to  oil. 


Location. 


Sec-    ;  Town      i>-«  ... 
tion.   I  sliip.       ^°'<*»- 


1,763 
1.475T. 

2,005t 
2. 070^ 


2, 585  T. ! 

961 
2,461 


2.820 

2,900 

2. 735  T. 

2,621 

2,141 

1,761 


2,700 
1.720 
2, 300 


Feet. 

1,810 

2.010 

1 ,  650 

1,639 

1.807? 


1,584 
1,468 
1,980T. 
2,064 


2, 105  T. 
2, 537  T. 

885 
2, 423 
2,845 
2, 720 

2, 683 
2,551 
2,111 
1,700 


2. 130 
DRY   OR   NKARLY   DRY   WKLLS. 


No. 


8 

9 

9 

8 

8 

8 

8 

9 

9 

9 

16 

9 

17 

21 

20 

20 

16 

16 

16 

17 

17 

9 

16 
10 

8 
8 


IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
1  iN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
I  N. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 


Name. 


29 
30 
31 
32 


McAfee  No.  2  . 

Eagle 

Alamo .  - 

Great  Western 


Depth. 

Feet. 
2,700 
2,740 
2, 825 
1,600 


Loc'ation. 

Sec-    :  Town- 
tion.   I  ship. 


70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 


17 
20 
21 
20 


IN. 

IN. 
IN. 
IN. 


Range. 

70  W. 
70  W. 
70  W. 
70  W. 


•  Numbers  in  the  left-hand  column  refer  to  corresponding  numl\et:si  otv  tVii^  ^>8A\.<s\si  vft»v 
(flR.-O).     Wells  Dot  Dumberod  are  outside  the  mapiMHi  area.     \>ep\Yvs  tsv^ltV.^'Y  -ti^x^  ^^VKt- 
mined  by  ateel  tape  measure :   most  of  the  others  \)y  caV>\e  meaawre.. 
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,  Planet No-S 

Searchlight  No.  t . . 


BAyAen  No.  I 

I  Hayden  No.  3 

'  Phoenix  No.  S 

I  North  Star 

J  North  Bend ." , 

Republic  No.  3 , 

Republic  No.  8 

HomsBtake. 

Vindicator 

SftTWinaNa.  1 - 

Bonlder  Petrolenm 

HcmeerNo.  8 

St.  Jnlian 

Canfleld 

Wood 

Otero  No.  8.  now  Rathvon  No,  3  . . . 

Wlsconsiu  No.  I 

Cleveland  ...  _ 

Savanna  No.  6.._ _.. 

Savanna  No.  7 

McAfee  No.  8 

ChicaKO  Banner 

Langridge 

Sale  Boulder .  _ _ 

I  MeBdma.   

Keystone   __ 

I  Bluejacket 

Boulder  Basin 

Independence.. _ 

Palm  L__ 

j  Empire  No.  S 

La  Ford - .  I 

Craig  &  Bartlett '... 

Savanna  No,  S _ 

Bathvon  No.  1 __ _, 

"Drilling  deeper. 


3,029 
8,480 
1,<»0 
8,fl?0 
a,14S 
8,400 
1,160 
787 
1,008 


8.000 
8,403 


2,  .WO 
8,000 


3,S00 
2,550 


LntattuQ.        ^^^r 

See-     Town-     n.J3Wr 
tton,      slilii.      ^^?BPj   • 


Lntattu 

^ 

Town- 

» 

IN. 

9 

IN. 

,     9 

IN. 

IT 

IN. 

17 

IN. 

9 

IN. 

80 

IN. 

80 

IN. 

80 

IN. 

SO 

IN. 

30 

IN. 

SO 

IN. 

30 

•IN. 

8 

IN. 

IN. 

IN. 

IN. 

16 

IN. 

IN. 

8 

IN. 

B  I  IN, 
17     1 N. 


71)  #. 
70  W. 
TOW. 
70  W. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
70  W. 
70  W. 
TOW. 
TOW, 
TOW. 
70  W. 
TOW. 
TOW. 
TOW. 
TOW, 
TOW. 


70  W, 
TOW. 
TOW, 
TOW, 

TOW. 


TOW. 
TOW. 
TOW. 
70  W. 
TOW. 
TOW. 
TOW. 
TOW. 
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\V('llf<  in  the  Boulder  diatrict — (*ontiiiiiOil. 
DRY   OR    NEARLY    DRY    WELLS-  Continual. 


No. 


Name. 


72 


73 

74 

75 

76 
a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 


Hayden  No.  8. 
Citizens  No.  2 
Empire  No.  1 . 

Anderson 

Peoria 

Phoenix  No.  1 

Citizens  No.  1 

Maxwell  No.  1 

Maxwell  No.  2 

Pioneer  No.  1 . 

King 

Lafayette,  Colo 

Planet  No.  1 

Searchlight  No.  1 

Monarch 

Moore 

Balkan 

Boulder  Valmont  No.  1 

Rose  Crnde 

Jasper 

Anrora 

Amazon 

Camahan 

Hoover 
Martin 
Manhattan 
Olean 

Hygiene 

Gardiner 

Phenomenal 

Thomas 

Silver  Lake  (Stuart  well) 

Sternberg 

Pioneer  No.  3 

Prince  No.  I 

Prince  No.  2 

Bnffalo  (gas  well) 


Depth. 


Location. 


Hw-     Town-     T>„„„^ 
tion.      ship.      «*n«o- 


Feet. 
1 ,  850 

2,684 
2,800 


2,500 


2,268T. 
2,700:    ' 
2, 870 


8 


5 


16 
16 
15 
29 


or: 


24 

24 

29 
90 


2. 325 


700 
1,185 
1,500 
1,500 
1,000 
2, 740 
2, 500 


3.006 


3,105 


3,216 
2, 995 
2,993 
2, 300  ? 
2,150 
3, 055 
1,396 


07 


23 
29 
22 
29 
10 
10 
15 
18 
35 

14 
30 

36 

o 

"^ 

6 
19 

5 
33 
34 


07 
07 


1,800         29 


IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

71  W. 

IN. 

71  W. 

IN. 

71  W. 

2N. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

IN. 

69  W. 

IN. 

70  W. 

1  S. 

TOW. 

IN. 

70  W. 

3N. 

69  W. 

3N. 

70  W. 

2N. 

70  W. 

1  S. 

70  W. 

2N. 

69  W. 

2N. 

70  W. 

IN. 

70  W. 

IN. 

70  W. 

2N. 

69  W. 

2N. 

69  W. 

IN. 

70  W. 

*  Wells  not  numbered  are  outside  the  area 
Bull.  265—05  M 6 
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The  SavniinH  No.  i).  in  sec.  V,  Unn  reached  at  the  present,  wntiii-r 
(OctoU'r,  lfl04)  a  ili-plh  of  1.m4()  feel.  wlim>  n  good  sliiiwiiig  of  oil 
has  l>pen  encounteivd. 

The  Rmlivoii  No.  :i  (Nn.  ."il  on  tiio  iii!i[i.  fig.  it),  already  the  deejiest 
well  in  the  field,  is  Ix'ing  drillod  deeper. 

DlttLUNH    IN    THB    I'lEKKE. 

Witli  few  exceptions,  the  wells  thiis  far  pnt  down  have  been  drUli'd 
entirely  in  the  Pien-e.  The  exceptions  nre  among  the  scatterti!  wells 
to  the  east,  which  are  on  the  very  similar  Fox  HilK.  iir  even  on  the 
Laramie,  luit  these  also  Iniversc  ihe  Pierre  for  tlie  greater  |>aH  of 
their  depths. 

Drilling  in  this  fonnatioTi  is  comparatively  easy  and  rapid.  It 
if  not  uncommon  to  inuke  100  feel  a  day  til  conisiderahle  deptlis.  and 
this  is  sometimes  done  without  change  of  hits.  On  the  other  hand, 
slow  pragi'cs.s  iff  made  in  some  beds.  The  average'  exiHinse  of  drilling 
a  well  under  contrail  with  resiionnible  parties  is.  at  the  present  time. 
uWiit  *I.fi5  per  foot  for  the  HrsI  ii.OOO  feet,  Below  lliaf  depth  the 
cost  in  greater.  Under  such  contracts  the  owner  of  the  well  fiir- 
nislies  caMing,  -  | 

Surface  water  is  usually  enconntere<l  at  a  depth  of  alanit  \ti  fii't 
and  iiniy  be  fonnd  in  the  first  100  or  evi'u  (he  first  2<H)  feet.  Belnw 
this  the  wells  are  commonly  "  dry  "  or  the  seepage  into  the  wells 
from  the  dense  shales  is  so  slow  as  to  be  of  no  significance  in  drilling. 
In  isolated  cases  deep  water-bearing  strata  are  encountered,  and  such 
water  is  sometimes  salt.  At  Lafayette.  11  miles  east  of  the  foothills, 
a  well  that  was  drilled  for  oil  yielded  a  vigorous  flow  of  water  from 
several  horizons  between  400  and  700  feet  deep.  Tiie  oil  from  another 
well  is  mixed  with  about  10  per  cent  of  salt  water,  which  comes  from 
just  below  the  oil,  and  a  slight  admixture  of  salt  water  is  found  in  at 
least  one  other  well. 

Many  wells  are  cased  only  to  the  depth  of  the  surface  water, 
Othei-H  require  1,000  or  even  2,000  feet  of  casing.  In  general,  deep 
casing  is  not  for  the  purpose  of  shutting  off  water  so  much  as  to 
avoid  caving,  which  is  common  though  not  general.  It  has  necessi- 
tated the  abandonment  of  several  wells. 

REI^>aT8   RKCEIVEI)    FKOM    WELL   DRILLERS. 

By  far  the  most  common  material  reported  as  pas,sed  through  is 
shale  or  "slate,"  occasionally  varied  as  "clay"  or  "soapstone." 
kSand  or  "sand  rock"  is  often  reported.  If  it  shows  oil  it  is  often 
called  "  the  oil  sand,"  with  no  particular  reference  to  correlation  with 
the  sands  of  other  wells.     These  sands  are  described  on  pages  31-33. 
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Their  composition  is  ireiieraiiy  far  from  that  which  the  name  woiiUl 
suggest.  They  range  from  sand  to  chiy.  vary  in  thickness  up  to  a 
maximum  of  over  100  feet,  have  a  limit<Ml  hiteral  extent,  pass  by 
gradations  into  the  normal  shale  of  the  Pierre,  and  occur  at  any 
depth.  One  well  may  pass  through  five  or  six  such  l)eds,  while 
another  near  by  may  penetrate  nothing  but  shale  to  a  depth  of  2,000 
feet.  In  drilling,  the  sandy  beds  are  distinguished  from  the  shales 
by  their  greater  hardness,  by  the  more  rapid  wear  of  the  tools  (the 
driller's  chief  criterion),  and  by  the  snuiller  amount  of  suspended 
matter  in  the  water  of  the  bailer.  The  washed-out  sami)les  com- 
monly app<»ar  upon  close  examination  as  a  collection  of  gritty  shale 
granules,  whose  edges  have  bei»n  rounded  under  the  drill.  The 
l)etter  grades  show  an  admixture  of  quartz  grains,  and  exceptional 
beds  are  pure  sand. 

''  Streaks  ''  and  *'  shells  "  are  other  terms  used  to  indicate  more  than 
usual  hardness  at  certain  horizons.  In  the  outcrops  of  these  shales 
may  frequently  be  detected  hard  beds  a  few  inches  or  even  several 
feet  in  thickness.  They  are  either  very  calcarex)us  or  stained  with 
iron  oxide,  or  both,  and  owe  their  superior  hardness  to  concentraticm 
of  these  substances.  Such  induration  mav  affect  the  entire  bed 
ecjually  or  may  be  concentrated  into  ellipsoidal  (concretions,  whicih 
nuiy  be  more  or  less  separated,  so  that  there  are  all  gradations 
between  the  continuous  hard  plate  and  the  isolated  c(mcretions.  The 
word  *•  shell ''  is  suggestive  of  the  concretions,  as  the  word  *'  streak  *' 
is  of  the  plates,  but  in  the  reports  the  two  words  may  be  taken  to 
be  synonymous  and  alike  indefinite.  The  comminuted  fragments 
of  these  hard  masses  are  not  easily  suspended  in  the  water  of  the 
bailer,  and  probably  for  this  reason,  as  well  as  on  account  of  their 
superior  hardness,  are  not  infrequently  reported  as  sand.  On  the 
other  hand  many  of  the  so-called  hard  streaks  are  siliceous.  The 
reports  of  '*  lime  rock  '"  are  probably  sometimes  to  be  traced  to  the 
same  occurrenc(»s,  though,  as  seen  on  page  31,  there  are  some  true 
limestone  l)eds  in  the  Pierre. 

OIL-BEARIXG    STRATA. 

The  IkhIs  from  which  the  oil  is  obtained  are  the  highly  variable 
sands  or  sandstcmes,  described  above  as  varying  between  clay  shale 
and  silica  sand.  Such  beds  may  Im?  met  w^th  at  any  depth,  but  there 
is  no  depth  at  which  such  rock  is  certain  to  be  foiuid.  Re])orts 
might  indicate  that  it  is  slightly  more  abundant  at  a  depth  approach- 
ing 2,000  fe(^t,  but  this  may  l)e  due  to  the  shari>er  lookout  for  sand 
as  the  well  gets  deeper.  Not  all  of  these  strata  contain  oil  or  gas; 
some  of  the  most  porous  sands  give  no  indication  of  either. 

While  the  thickness  of  such  beds  may  be  anytVvmg^  w^  \x>  V^  \^fc^- 
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or  more,  oil  or  gasnuy  beobtunedfroiri  only  ii  piirtof  their  thickness. 
Such  Btratft  are  plainly  not  so  hmno^'iioourj  as  would  appoir  from 
the  bailingB  and,  except  locally,  are  fai'  from  being  porous  sanckton^. 
Except  in  an  oil  well  they  would  prolmhly  not  Ix-  called  sands  at  all. 
It  is  not  uncommon  to  drill  many  feet  into  Niich  strata  and  then  strike 
a  dutwing  of  oil  or  gafl  with  no  attMnhint  ohungi-  in  the  t^xturo  of 
the  rock  that  can  be  detected  in  the  bailings. 

These  small  reserToirs  of  <»1  or  giis  se«m  mntnalty  independent, 
being  separated  by  the  impervious  simles.  This  isolation  is  well 
illnstratied  by  the  occurrence  of  deep  vemn  of  water  in  sonic  well-H 
and  the  abscoice  of  water  from  near-by  sands  in  the  »anie  well  or  in 
adjacent  wells.  Tliis  mutual  isolatioii  of  the  several  pockets  is  not 
aooompanied  by  any  great  divendty  in  the  chui-acter  of  the  oils. 
'W^ith  but  few  fooeptiona  there  is  approximate  nniformity.  as  shown 
by  standard  phyaioal  testa.  Contddering  the  striking  nnifonnity  of 
the  great  body  of  shales,  this  graieral  likeness  in  the  character  of  the 
tnls  is  to  be  expected.  Thus  far  then'  ih  but  one  authenticated 
instance  in  which  the  pumping  of  e  new  well  has  influen<-ed  the 
Iffodnctioil  of  an  older  well.  In  this  case  Ihe  two  wells  are  loss  than 
SOO  feet  apart  Curiously  enough,  these  two  wells  found  oil  at  deptht^ 
differing  almost  fiOO  feet. 

SHOOTINfl   OF   WEIX8. 

All  but  one  of  the  weils  which  were  pumped  previous  to  the  close 
of  1902  were  shot.  In  1903  this  practice  was  less  general.  The 
amount  of  nitroglycerin  used  in  these  shots  has  varied  from  10  to 
140  quarts.  Dynamite  charges  have  been  as  large  as  500  pounds,' 
70  per  cent  nitroglycerin.  The  effect-s  of  these  shots  have  not  been 
uniformly  favorable.  The  beneficial  effects  in  a  few  of  the  best  wells 
have  doubtless  been  responsible  for  most  of  the  later  attempts. 
More  recently  a  number  of  wells  have  begun  pumping  without  being 
shot.  The  fact  that  the  flow  of  sonie  wells  has  decreased  since  the 
shooting  will  lead  to  greater  caution,  and  it  is  to  be  hoped  that  it 
will  lead  to  a  more  careful  study  of  the  nature  and  thicknesses  of 
the  stnita  passed  through. 

The  beneficial  or  liarniful  effects  of  a  shot  must  depend  largely 
U|>on  the  texture  .of  the  stratum  yielding  the  oil,  for  it  seems  to  be 
true  that  some  shales  are  compacted  rather  than  shattered  by  the 
explosion.  Supposably  for  this  reason,  shooting  is  not  practiced  in 
the  Florent-e  field,  which,  of  all  the  older  oil  districts,  the  Boulder 
field  most  resembles.  Owing  to  the  difference  in  texture  of  the 
various  beds  yielding  oil  in  the  Boidder  field,,  it  is  but  reasonable  to 
expect  that  the  same  shot  which  would  prove  beneficial  to  one  well 
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would  be  ruinous  to  another.  On  this  account,  if  on  no  other,  the 
texture  and  composition  of  the  oil  strata  should  he  carefully  studied 
by  methods  far  more  discriminating  than  the  sup<»rficial  ones  first 
used  in  this  field.  It  is  but  just  to  the  companies  and  contractors 
now  remaining. on  the  ground  to  say  that  there  has  l>een  much 
improvement  in  the  character  of  well  records. 

A  second  reason  for  injurious  effects  from  shooting  lies  in  uncer- 
tainty alK)ut  the  exact  depth  of  the  sand  which  it  is  intended  to 
shatter.  Measurements  of  depths  by  steel  tape  are  now  becoming 
more  common.  In  most  of  the  earlier  wells  the  depths  of  all  forma- 
tions are  known  only  by  cable  measurement.  It  is  not  uncommon 
that  the  stated  depths  of  important  sands  are  thus  liable  to  errors 
of  25  to  50  feet. 

The  possible  injuries  from  a  shot  at  the  wrong  place  may  be  read- 
ily seen  from  the  following  consideration.  If  a  porous  rock  is  satur- 
ated with  oil  under  pressure  and  is  pierced  by  the  drill,  the  oil  is 
pressed  upward  in  the  hole  solely  because  it  has  no  outlet  in  any  other 
direction,  being  surrounded  (as  in  this  field),  or  at  least  overlain,  by 
impervious  roc^ks.  If  this  well  is  shot  in  such  a  way  as  to  rupture  the 
impervious  rocks  that  surroimd  the  oil  sand,  the  oil  may  leave  the 
sand  by  other  openings  besides  the  well  and  may  thus  be  dissipated  in 
other  porous  l)eds  and  the  well  may  be  ruined. 

Such  an  injurious  effect  may  Ik>  produced  even  by  shooting  at  the 
proper  depth  if  the  charge  employed  be  too  heavy.  In  one  instance 
a  well  was  shot  at  740  feet  with  500  pounds  of  dynamite,  (50  per  cent 
nitroglycerin.  The  formation  above  the  sand  was  a  uniform  dense 
shale.  A  good  quality  of  sandstone  was  blown  from  the  hole  in 
large  chunks,  one  of  which  weighed  14  pounds.  The  shale  was 
ruptured  to  the  surface.  Open  cracks  an  inch  or  more  Vide  ex- 
tended for  some  rods  from  the  well.  It  may  be  presumed  that  cracks 
also  reached  a  considerable  depth  l>elow  the  sand  which  was  to  be 
shattered.     The  well,  of  course,  yielded  no  oil. 

It  can  not  be  too  carefully  borne  in  mind  that  the  one  object  in 
shooting  is  to  shatter  the  rock  which  carries  the  oil  and  that  only. 
With  this  object  in  view,  it  is  plain  that  intelligent  and  discriminat- 
ing shooting  must  depend  upon  the  answers  to  the  following  ques- 
tions: Is  the  oil  stratum  of  such  a  texture  that  it  will  be  shattered 
rather  than  compacted?  What  is  the  exact  depth  of  its  top  (and  bot- 
tom if  drilled  through)?  IIow  much  of  a  shot  will  the  overlying 
rocks  bear  without  giving  other  outlets  to  the  oil  ?  This  last  question 
is  one  of  great  importance  in  this  field.  It  is  needle^ss  to  say  that  such 
questions  can  be  answered  only  by  a  carefully  kept  log  and  close  study 
of  samples,  not  only  of  oil  sands  but  of  all  strata,  in  order  to  properly 
forecast  their  behavior  under  the  influence  of  a  shot. 
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BTaiM. 

Cbareeol 

""inrSU'.'^                                 Eff^                       ■ 

Mfgwiriff 

V'"-l' 

'  rJ^^^I 

4U 

Abandoned  after  shot.      "■^'^^M 

8KvaiuwlTo.9 

100 

S,ii:^ 

doned  after  ehot. 

aBTWItMNo.8 

m- 

'^  1.970-1, 000 

Rednced  prodnctiini  frnin  10  barrels 
to  B  barrel*. 

aftvuuui  No.  8  (■eo- 
ondshot). 

100 

1,579-1.000 

Prodnced  abunt  7  tmrreU  Bfl#r  sec- 
ond ahnt. 

OteroNal 

00 

1,048-1.673 

Not  pumped  before:  a    Rood   ppo- 

Otero  No.8 

10 

I.7»*-l,761 

Not  pTvmped. 

Oten>No.2(Re(Miid 
■hot). 

00 

1.784-1,761 

Little  oilbefore;  not  pumped:  a  fair 
prodacer  afterwar.b.                   J 

OtflraVaS 

»10 

1.800-1.800 

Shot  fonr  timed;  little  oil.             tf 

O^^o.  .  <««. 

<u 

1. 807-1. 83T 

Prodnteil  H  or  4  barrels.                j| 

Bradford  No.  I 

100 

Prodnoed  4  or  S  barrels.         '^■K 

Bradrotd  No.  8 

so 

1.680 

Went  on  drilling,                      -^W 

Bradford  No.  3  (Mo- 
ond  shot). 

Ifi 

I.J80 

Bonliler  II laminat- 

100 

Not  pumped  before;  a  very  small 
producer. 

ing. 

Crawfonl 

100 

2,682-3.734 

Fair  well  before:  ruined. 

Bonlder  Valley 

ail 

2.031 

Increased  production  from  6  l)arrels 
to  LI  barrels. 

HaydenNp.  1 

a.oos 

Shot  with  500  p-mnds  dynamite.  TO 
percent:  no  effect . 

Do 

80 

Same  depth. 

Never  pumped. 

Central 

100 

3.600 

A  little  oil:  soon  abandoned. 

Two-ten 

130 

3.11I-2.U1 

Not  pumped  before;  small  prodncer 

afterwards. 

HaydenNo.2 _. 

40 

3,185 

Never  piimpeil. 

Anderson 

40 

3,870 

Dr.. 

■WisconsmNo.  2._  . 

<0 

2,  OM 

Small  producer:  drilled  deeper  and 
nbandnnerl. 

Bo«Mer-Peciria   . 

m 

1  Never  pninppd. 

InttaitnutkiKv 

w 

I.  100             Do. 

Boiilder-Valmont 
No.  a. 

60 

I.6.W     Drilled  dwper. 

Bonlder -Valmont 

No,   2   (seoond 
Bhot). 

flO 

1.947     A  fair  prodncer. 

Diemnke- .- 

«0 

3.064 

Not  pumped  liefore;  a  Hmall  pro- 
dncer afterwards. 
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IVelh  which  were  shot  pretnons  to  June,  ii)(>.?— Continued. 


Name. 


Buffalo 

Republic  No.  1 . 
Republic  No.  3 

North  Bend  . . 


jChar^oof 
I     nitro- 
I  nrlyceriii 


I  Qiiartft. 
40 
24 


Depth  of  shot, 
in  feet. 


Effect. 


1,60() 
965 


r40 


No  oil;  did  not  affect  gas  production. 

Little  or  no  change. 

Shot  with  100  pounds  dynamite;  no 
change;  dry  hole. 

Shot  with  500  pounds  dynamit^,  60 
per  cent;  hole  ruined. 


STRUCTURE  OF  THE  OIL  FIELD. 

From  all  observations  previous  to  the  preliminary  report  made  by 
the  writer  in  January,  190f3,«  there  appeared  to  be  no  law  governing 
the  distribution  of  oil  in  the  Pierre  shales.  .  Small  bodies  of  oil  have 
been  found  in  various  parts  of  Colorado  and  neighboring  States,  but 
their  structural  relations,  so  far  as  known,  afforded  only  vague  ex- 
planations of  their  presence,  and  left  the  prospector  with  the  impres- 
sion that  oil  might  or  might  not  be  found  at  almost  any  place  in  the 
Pierre. 

The  want  of  any  known  evidence  of  anticlinal  arches  suggested  the 
inference  that  such  structures  were  unnecessary  to  form  receptacles 
for  oil  and  gas  in  so  dense  a  rock  as  the  Pierre  shales.  The  idea  of 
.some  connection  with  folds  was,  however,  not  given  up,  and  renewed 
efforts  were  made  to  induce  companies  and  drillers  to  preserve  sam- 
ples and  careful  records,  with  a  view  to  determining  the  exact  position 
of  the  strata.  During  the  summer  of  1903  a  detailed  structural 
study  was  made  of  an  area  of  150  square  miles,  of  which  the  oil  field 
occupies  the  center. 

It  is  a  noteworthy  fact  that,  with  the  exception  of  two  very  small 
producei*s,  all  the  wells  which  have  thus  far  produced  oil  are  in  a  very 
narrow  north-south  Ih^U.  It  is  now  known  that  this  belt  follows  a 
monoclinal  fold,  the  wells  being  near  the  top,  and  therefore  in  simi- 
lar structural  position  to  thost*  of  Ohio  described  by  Orton  as  occur- 
ring on  "  arrested  anticlines."  The  two  very  small  producing  wells, 
referred  to  al)ove  as  located  outside  the  narrow  belt,  are  the  Two-ten, 
one-half  mile  east,  and  the  Boulder  Illuminating,  1  mile  ea.st.  It  will 
!)e  seen  below  (p.  92)  that  these  wells  occupy  very  significant  posi- 
tions with  respect  to  another  fold. 

The  monocline  on  which  the  wells  are  located  is  almost  in  line  with 
nn  incipient  echelon  fold  to  the  north-northwest,  which  affects  the 


•  The  Boulder,  Colo.,  oil  field  :    Bull.  V.  S.  Geol.  Survey  No.  213,  1903,  p.  322. 
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loothill  belt  after  the  diaraclpri^itic  nmnn^r  of  ituvh  foliln  in  this 
r^ion.  (See  p.  48;  alst»  map.  PI.  II.)  Fur  ihepivHent  piirpiis«  it  is 
best  seen  in  the  prominent  offset  in  tlic  oitlci-opping:  wlge  of  the 
Hygiene  auidsttme  in  see.  6.  Tlie  hkis  of  this  fold  jxiirit-^  eui^l  of 
aouth.  In  the  outcrop  of  the  saini'  sandslono,  but  ^i  milas  further 
northeRSt,  a  well-develo]>ed  fold  »f  hiniilnr  eliti ractcr  bmrK^hes  off, 
witll  an  axis  trending  almosi  due  )^iilh.  Both  the.se  Mdti  are 
described  belovr.  Tlu-  monocline  which  deteriuincs  the  pre^nt  line 
ol  producing  wells  i'^  the  southward  conttmmtion  of  the  western  and 
smaller  one  of  the  (wo  ftcxunv.  hut  it  is  nffeeted  both  in  degree  of 
flexure  and  in  the  direct  ion  of  its  axi.s  by  the  slrongi-r  fold  to  the  east. 

It  may  be  oonfidently  iiltiniie<l  that  whatever  may  Ix-  the  nature  of 
the  occurrence  of  oils  elsewhere  in  the  Pierre,  tlieiv  is  nothing  thus 
tax  koown  in  the  field  :it  Iloiilder  to  otTer  encouragement  to  prosi>eet' 
o«,  except  in  intinmle  rchitinn  witli  folds.  The  essenliai  features  of 
this  particular  flexmv  siiould.  I  lien.  1m>  determined  with  care.  Such  a 
rtudy  may  afford  a  !>ii>^is  for  infeifura  as  to  the  proi>abIc  oil-benring 
or  barren  character  nf  other  similar  structureh  oeeurring  throughout 
a  distance  of  50  miles  nlong  the  front  of  the  rnnge. 

The  form  »nd  locution  of  these  foldw  are  best  made  clear  by  tracing 
the  outcrop  of  the  Hygiene  sandstone  (win'  p.  SI),  which  uuidc  pos- 
sible  the  discovery  of  the  iolda.  Near  Boulder  the  stratum  is  thin 
and  weak  and  is  separated  from  the  Xiobrnra  on  the  west  tiy  not 
more  than  1.000  feet  of  shales.  Seven  miles  north  of  Boulder  it 
is  250  feet  thick,  and  the  Pierre  shales  below  it  have  thickened  to 
nearly  3,000  feet.  As  the  dip  has  also  greatly  decreased  within  the 
same  space,  the  sandstone  oiiteroi»  has  been  carried  nearly  2  miles 
to  the  east. 

Stated  more  definitely,  the  outcrop  forms  a  prominent  cuesta 
(a  ridge  of  abrupt  scarp  slope  and  long,  gentle  dip  slope)  running 
from  the  southwest  corner  to  the  northeast  corner  of  sec.  6,  T.  1  N., 
R.  70  W.  This  northeastward  strike  in  sec.  C — au  exception  to  the 
prevailing  trend,  which  is  almost  north — is  the  surface  expression 
of  a  mild  tendency  to  4chelon  folding.  It  belongs  to  the  same 
flexure  as  the  monocline  of  the  oil  field,  and  its  more  prominent 
northwestward  extension  has  been  descril)ed  on  page  44.  From  the 
northeast  corner  of  sec.  6  the  outcrop  extends  north  by  east  through 
the  west  side  of  sec.  32,  T,  2  N.  For  nearly  a  mile  north  of  this,  in 
the  vicinity  of  I^ofthand  Creek,  the  ridge  is  lost,  but  it  reappears  in 
the  west  half  of  sec.  20,  running  almost  north.  On  the  north  side 
of  this  section  the  outcrop  disappears  under  Table  Mesa.  If  the 
mesa 'is  crossed  in  a  northeasterly  direction,  its  northern  side  is 
reached  in  the  middle  of  sec.  9.  At  this  point  the  sharp  crags  of 
this  sandstone  are  seen,  forming  u  bold,  bare  ridge  running  far  away 
to  the  northeast  (N.  27°  E.), 
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If  the  mantle  rock  were  removed  from  the  mesa  it  is  believed  that 
the  outcropping  sandstone  ledge  would  be  seen  to  describe  a  great 
loop  (see  map,  PI.  II)  instead  of  cutting  straight  across  from  the 
point  where  it  disappears  under  the  southwest  side  to  where  it  reap- 
pears on  the  northeast.  The  reasons  for  assuming  such  a  structure 
will  appear  in  a  description  of  the  outcrops. 

As  noted  above,  the  strike  for  the  last  mile  or  two  on  the  southwest 
side  of  Table  Mesa  is  nearly  north.  Similarly  on  the  northeast  side, 
the  ledge  which  approaches  the  plateau  wnth  a  strike  of  S.  27°  W. 
turns,  just  before  its  disappearance,  to  a  direction  differing  only  8° 
from  due  south.  The  two  outcrops,  therefore,  on  the  northeast  and 
southwest  sides  would,  if  prolonged  in  straight  lines,  miss  each  other 
by  about  a  mile. 

There  is  a  second  outcropping  ledge  of  sandstone  on  the  south  side 
of  Table  Mesa,  a  little  more  than  a  mile  east  of  the  one  mentioned 
above,  and  about  one-half  mile  west  of  Haystack  Mountain.  The 
sandstone  of  this  eastern  outcrop  also  forms  a  low  ridge,  and  is  to  all 
appearances  identical  with  that  of  the  more  westerly  exposure.  It 
shows  the  same  succession  of  beds — a  strong  ledge  of  sandstone  and 
a  second  horizon,  a  few^  hundred  feet  higher,  marked  by  great  cal- 
careous concretions.  (See  p.  32.)  The  strike  here  is  N.  35°  W.,  and 
the  dip  is  10°  to  the  northeast. 

This  low  ridge  abuts,  as  do  those  of  the  other  outcrops,  against  the 
steep  mesa  scarp.  It  is  believed  that  this  line  of  outcrop  is  directly 
continuous  with  that  which  approaches  Table  Mesa  from  the  north- 
east; that  it  represents  the  eastern  limb  of  an  anticlinal  fold  w^hose 
crest  has  been  eroded  away ;  that  if  the  soil  cover  could  be  removed 
and  the  edge  of  the  Hygiene  sandstone  everywhere  exposed  it  w^ould 
be  found  again  dipping  west  on  the  western  limb  of  this  anticline  a 
quarter  to  a  half  mile  west  of  the  eastern  exposure;  that  the  loop 
would  be  seen  as  represented  in  fig.  9,  the  outcrop  crossing  Table 
Mesa  with  a  southerly  trend  from  the  middle  of  sec.  9,  passing  in  a 
southeasterly  course  past  Haystack  Mountain,  looping  perhaps  a 
mile  to  the  south,  then  turning  back  to  the  north  for  3  miles  or  more, 
then  turning  sharply  around  once  more  to  the  south  along  the  course 
first  described. 

The  structure  here  described  is  inferred  mainly  from  dips,  all  of 
which  within  the  area  concerned  agree  with  the  features  described. 
Although  the  Hygiene  sandstone  shows  no  good  outcrop  on  the 
western  limb  of  the  anticline,  westward  dips  as  high  as  18°  are 
plainly  seen  within  the  sandy  shales  on  the  south  side  of  Lefthand 
Creek  near  the  line  between  sees.  28  and  29.  At  the  north  end'of  the 
canoe-shaped  synclinal  trough  southward  dips  are  found,  according 
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jierfoctly  with  the  assumed  HtriH'tiiri', 
high.  lov(.'|  (litcli  skirting  t\w  iiordnvcst 
Sucli  &II  Hntirlinnl  fold  as  thf  one 
^adually  at  tlit'  end.  (Sw  tig.  10.) 
■  ward,  the  dip  of  the  we>itpni   limb 


These  may  Ih*  ween  rtlong  the 

side  of  Table  Mewi," 

jitMt   desri'ilK>d  lUiist  die  out 

If  the  axis  lie  traced  south- 

inhould   Itecomc   les.^  and   le.ss 


(rtcep.  At  a  ci^irtaiii  |>oiiit  the  westward  dtp  will  Ix'come  zeni;  th«tre 
will  he  a  stnietnral  Ijetirh.  as  it  were,  interrupting  the  general  esifit- 
ward  dip.     This  Iwndi  will  he  liurizuntal,  e-xcept  for  a  wonthward 


lowlDR  the   foldlDK  of  th(-  HyRlcn?  siindntonp.     The   stralKbt 
t   the  snrrntv  or  the  ground.     The  Hfllld  riirve  iDdlcates   the 
prenent  pcmitlon  of  llie  strntiim.  niul    Ihe  dotted  curve   Indlcntpg   Ihe  position   of  the 

nouth  ot  Boulder:  B.  1>  miles  nurlh :  C.  8  mlleH  north:  D,  6|  mlled  Dorlh  :  B.  -'i  mile* 
north  ;  f,  4  milea  north. 


inclination.  Still  farther  sonth  the  whole  will  again  dip  toward  the 
east,  but  in  line  with  the  axis  of  the  anticline  the  dip  will  be  smaller 
than  cither  east  or  west  t)f  that  line. 

In  the  north  side  of  sec.  9,  T.  1  N.,  northwest  of  the  Beasley  reser- 
voir, the  only  dii>  is  one  to  the  sonth,  as  is  made  apparent  on  the  map 

by  Ihe  writer  la  a  |>aper  enlKled  StriK'tiire  ot  the 
Siirvey  So.  iL'S.  liJOJ.  p.  :iH:i.  Hinre  Itint  publlcstfon 
p  written  Metwrii.  K.  P.  Rathvon  and  WIltiRm  FtBthvoD. 
diiK  to  ns<'ertHln  Ihe  dip  of  the  shales  la  nee.  SS.  T.  ^ 
1  N..  Hn<]  to  verify  the  slructurp  as  desrrlhed  aboTe. 


Ituulder  oil  Held  :    Bull. 
1. 11  npero 


hnd  elKht  ho1< 


e  fully  conBrmed  the  i 


FENNKMAN.]  STRUCTURK    OF    THE    OIL    FIELD.  91 

by  the  outcropping  of  two  arenaceous  beds,  the  lines  of  outcrop 
having  an  east-west  direction.  This  is  on  the  axis  of  the  hirger 
fold.  At  this  place  the  axes  of  the  two  folds  (see  p.  88)  are  in 
proximity,  and  the  eastern  and  stronger  fold  uplifts  the  east  side  of 
the  feebler  western  fold,  making  a  horizontal  bench  out  of  what 
would  otherwise*  l^e  only  a  partial  flattening  of  the  general  eastward 
dip.  The  result  is  s(»en  on  a  line  passing  south  through  sees.  8,  17, 
and  20,  along  which  the  shales  have  no  eastward  dip.  This  belt  is, 
however,  narrow — a  snuill  fraction  of  a  mile — and  in  short  distances 
lK)th  east  and  west  of  it  decided  eastward  dips  appear. 

Immediately  east  of  this  l^ench,  perhaps  on  an  average  one-fourth 
of  a  mile,  th(»  producing  wells  are  found.  Their  linear  arrange- 
ment is  all  the  more  striking  if  the  line  be  extended  south  to  include 
the  Buffalo  gas  well  in  the  southeast  corner  of  sec.  29.  The  posi- 
tion of  the  oil-producing  strip  is  in  ojcact  accord  with  that  of  oil- 
producing  IxUts  of  Ohio,  where  the  conditions  of  occurrence  have 
lK»en  made  so  well  known  by  the  very  complete  discussion  of  Orton.'' 
The  possible  finding  of  other  pools  remote  from  such  a  structure 
need  not  be  discussed  here.  Thev  nuiv  or  may  not  be  found  in  struc- 
tures  differing  from  the  one  to  which  they  are  here  related.  It  can 
only  be  said  that  the  example  of  the  already  developed  portion  of 
this  field  offers  no  warrant  for  prospecting  where  these  structural 
features  are  absent. 

It  miay  safely  Ik*  assumed  that  the  one  significant  feature  in  the 
structure  of  the  oil  field  is  the  decided  arrest  of  the  general  eastward 
dip.  The  peculiar  relation  of  the  two  folds  whost^  effects  at  this 
place  unite  to  produce  the  result  is  not  in  itself  taken  to  be  signifi- 
cant, except  in  so  far  as  it  explains  the  occurrence  or  location  of  the 
one  valuable  feature.  Further,  it  must  not  be  assumed  that  this  or 
any  similar  flexure  will  necessarily  be  oil-l>earing  throughout  its 
whole  length.  Even  very  small  transverse  folds  affecting  the  axis 
are  sufficient  to  break  up  the  deposit  into  so-called  '"  pools."  The 
intermittence  of  good  oil  territory  along  the  line  thus  far  develoi)ed, 
from  sees.  8  and  0  on  the  north  to  the  lUiffalo  gas  well  on  the  south, 
is  already  known.  It  can  not  therefore  he  assumed  that  one  or  two 
dry  holes  indicate  that  a  line  marked  by  the  above-described  struc- 
ture  is  entirely  l)arren. 

SI :o(;esti()Ns  as  to  further  development. 

If,  then,  the  promise  of  future  developments  in  this  oil  field  be 
limited  to  a  relationship  with  folds,  it  is  highly  important  to  exam- 

"  The  Trenton  llnu»Htone  as  a  source  of  iietroleum  and  Inflammable  ras:  Eighth  Ann. 
Rept.  IJ.  H.  Oeol.  Survey,  p(.  '2,  1889. 
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ine  similar  crcciirrences  beyond  the  limits  already  developed.  In  the 
discussion,  however,  it  must  always  be  taken  into  account  that  the 
beds  capable  of  euiitiiining  doposits  are  sniall  and  nf  uncertain  lat- 
eral extent.  At  the  outset  the  further  extension  of  the  immediate 
^roiip  of  productive  wells  demands  attention.  The  axis  of  the  faintoj 
of  the  two  folds,  whose  («nibine<!  effects  produce  the  monocline  in  and 
south  of  see.  8,  runs  northward  from  the  present  develojjed  field,  but 
the  very  few  expo^iures  along  this  northern  portion  have  not  shown 
f  dips  less  than  G°  or  7°,  and  therefore  no  ch»se  uppniaeh  to  the-  struc- 
ture descril>ed  above  as  occurring  farther  south,  in  the  vicinity  of  the 
succes-sful  wells- 

The  stronger  fold  to  the  east  completely  neutralizes  the  general 
eastward  dip  aa  far  south  as  sw.  4,  while  farther  north  it  has  a 
J     weiitward-dipping  limb.     The  a\is  of  this  fold  runs  north  by  a  little 
I     weHt  thi-ough  sec.  4,  T.  1  N..  R.  70  W..  and  sees.  33  and  28  of  T.  H  N. 
■     The  axis  of  this  fold  has  not  been  tested  by  the  drill.     At  its  sotith- 
^  vrn  e.xtivmity,  however,  where  the  strata  begin  to  dip  strongly  soutli- 
I   ward  (10"  or  i-'>°).  is  the  Two-ten  well,  and  one-half  mile  farther 
I    east  is  the  Boulder  Illuminating.     Both  iif  these  wells  are  small  pro- 
ducers (about  2  barrels  a  day  from  each  well),  but  tbi'  finding  of  oil, 
||    even  in  small  <)uantities.  in  (his  relation  to  the  fold  1^  sigTiiticant, 
I     From  a  structural  standpoint  it  may  lie  expected  that  if  larger  ipianti- 
ties  of  oil  are  ])re-sent  they  will  1h'  found  iiearei'  the  axis  of  thin  fold 
rather  than  farther  away. 

Sheet  No.  XII  of  Hayden's  Atlas  of  Colorado  shows  with  consid- 
erable detail  a  series  of  large  echelon  folds,  but  those  described  abov« 
are,  in  general,  too  small  to  appear  on  that  map.  The  salient  curve 
in  the  Dakota,  however,  shown  on  the  Hayden  map  north  of  Left- 
hand  Creek,  must  be  correlated  with  the  long  loop  in  the  Hygiene 
sandstone  described  above.  If  this  latter  formation  were  drawn  on 
the  Hayden  map,  the  loop  in  question  would  be  three-fourths  of  an 
inch  hmg.  A  fair  idea  of  the  relative  sizes  of  such  folds  may  be  had 
by  comparing  the  effects  of  each  on  the  same  formation,  as,  for 
example,  on  the  Dakota. 

The  question  of  stores  of  oil  in  the  larger  folds  naturally  su^;ests 
itself,  in  view  of  the  known  relation  of  oil  to  the  smaller.  It  is  to 
be  remembered,  however,  that  in  the  Appalachian  region  it  is  not  the 
great  anticlines  which  have  conserved  the  hydrocarbons.  Here,  as 
there,  the  greater  deformations  may  prove  to  have  made  poor  reser- 
voirs, probably  by  the  opening  of  cracks.  Nor,  indeed,  has  it  yet 
l>een  shown  that  the  larger  of  the  small  folds  in  the  Boulder  field  is 
an  oil  reservoir.  If  the  future  proves  otherwise,  there  will  be  a 
strong  ]iresuniption  in  favor  of  i-estricting  the  search  for  oil  to  folds 
(>f  the  smaller  order.    If  the  large  folds  shown  on  the  Hayden  map 
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are  to  prove  oil-l)earing,  it  will  probably  be  in  their  remote  ends, 
where  the  fold  is  dying  out  on  the  plains. 

A  condition  of  this  nature  has  been  put  to  the  test  in  one  instance. 
A  fine  fold  of  this  kind,  north  and  east  of  Lvons,  flattens  out  in  the 
vicinity  of  Hygiene  (about  1*2  miles  north  and  5  miles  east  from 
Boulder).  Here,  in  a  line  transverse  to  the  axis,  three  wells  were 
drilled  to  depths  approximating  *^,000  feet.  They  were  not  without 
showings  of  oil,  but  a  better  showing  was  obtained  4  miles  farther 
down  its  axis  to  the  southeast,  where  the  fold  has  flattened  greatly 
and  was  probably  never  considered  a  factor.  Oil  from  a  depth  of 
about  600  f(»et  has  also  accumulated  in  an  abandoned  water  well,  a 
mile  north  of  Hygiene.     This  is  also  on  or  near  the  axis  of  the  fold. 

If  the  larger  folds  fail  to  yield  oil,  the  one  remaining  hope  (prob- 
ably more  promising  from  the  start)  lies  in  the  smaller  folds.  For 
reasons  given  above,  these,  in  so  far  as  they  affect  the  Pierre  shales, 
are  betrayed  only  by  the  most  obscure  outcrops.  Yet  it  is  in  this 
formation,  at  a  distance  of  a  few  miles  from  the  harder  rocks  of  the 
foothills,  that  folds  must  be  found  if  they  are  to  serve  as  guides  in 
prospecting  for  oil. 

Herein  lies  the  large  significance  of  the  similar  though  often  very 
small  flexures  which  affect  the  stronger  and  well-exposed  strata  of 
the  foothills  from  Morrison  to  Niobrara,  inclusive.  In  these  stronger 
rocks  they  may  be  very  small,  the  looping  back  generally  being  less 
than  a  quarter  of  a  mile:  but  the  same  stress  will  be  found  to  have 
produced  larger  results  in  the  weaker  Pierre.  Therefore,  if  the 
Pierre  shales  are  to  l>e  prospected  in  this  region  of  echelon  folding, 
much  time  will  be  saved  by  making  a  preliminary  examination  of 
the  stronger  strata.  AATiere  the  Hygiene  sandstone  is  exposed,  it  is 
the  natural  index  of  structure  and  the  best.  Where  it  does  not  out- 
crop, the  basal  Niobrara  limestone  is  the  nearest  criterion. 

In  these  suggestions  no  account  is  taken  of  the  possibility  of  folds 
running  strictly  parallel  to  the  foothill  outcrops.  This  is  of  course 
possible,  especially  south  of  Boulder,  w^here  the  echelon  type  is  not 
prevalent.  The  lines  of  procedure  suggested  above  are  only  those 
which  have  lx»en  derived  from  the  known  structure  of  the  already 
developed  field.  They  are  not  intended  to  exclude  consideration  of 
structures  not  yet  exemplified. 

The  Maxwell  gas  well,  less  than  2  miles  north  of  Boulder  and  a 
little  more  than  half  a  mile  from  the  Pierre-Niobrara  contact,  may 
seem  an  exception  to  all  that  has  l)een  said  above  regarding  the  loca- 
tion of  oil  and,  by  inference,  of  the  closely  associated  gas.  It  might 
therefore  be  thought  of  as  putting  the  generalization  to  a  severe  test. 
Near-by  outcrops  are  too  few  and  unsatisfactory  to  fix  the  structure 
with  any  definiteness,  but  it  is  a  remarkable  fact  that  this  well  lies 
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Miiith-inouthea&t  from  an  incipient  echelon  fold  wliicli  iiffotils  the  bwim- 
(iHrieH  of  ail  outcrops  from  the  Lvkins  to  the  Benton.  (S-,ie  p.  4S.) 
The  Hxis  of  this  fold  would  seeni  Uj  pass  a  little  west  of  the  Maxwell 
well, 
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The  great  density  of  the  Pierre  h  m 
barrier  to  the  passage  of  any  f o  f  te  I 
the  same  dense  shale  which  forms  the  so  called  cap  rock,  and  is  there- 
fore considered  impervious  to  oil  or  gas,  also  underlies  the  oil,  and 
must  therefore  have  been  traversed  by  the  hydrocarbons  for  thou- 
sands of  feet  if  the  ultimate  source  of  these  substances  was  in  the 
Benton  and  Niobrara,  It  is  also  noteworthy  that  some  of  the  purest 
white  friable  silica  sand  found  in  deep  wells  has  contained  no  oil. 
Siich  sands  must  have  been  quickly  discovered  by  the  rising  hydru- 
carlmns  working  their  way  upward  from  gi-eat  depths  through  the 
scanty  pores  of  the  shale.  Both  the  general  density  of  the  shales  and 
the  absence  of  the  oil  from  certain  friable  sands  favor  a  hypothesis 
which  locates  the  original  source  of  the  oil  at  horizons  not  very  far 
from  those  at  which  it  is  now  found.  In  this  case  it  is  safe  to  say 
that  the  tilting  ofthe  l>eds  has  given  opportunity  for  the  segregation 
of  their  fluids  according  to  their  several  specific  gravities.  Theory 
would  require  that  the  oil  should  be  found  just  about  where  the 
present  wells  are  located:  that  is.  on  the  slope  below  the  horizontal 
bench.    The  summit  of  the  monoclinal  slope,  or  edge  of  the  structural 
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terrace,  should  lx»  the  approximate  western  limit  of  gas,  or  of  oil,  if 
there  be  little  gas  i)resent.  This  is  because  fluids  lighter  than  water, 
after  rising  through  an  inclined  porous  stratum  to  this  line,  could 
find  no  higher  phice  to  go. 

A  similar  segregation  might  occur  in  beds  whose  dips  are  not  inter- 
rupted by  a  horizontal  bench.  If  oil,  in  mounting  to  higher  levels 
through  such  porous  beds,  finds  them  gradually  changed  to  dense 
shales,  there  must  result  an  accunuilation  along  the  upper  margin  of 
the  porous  portion,  regardless  of  folds  and  interrui)ted  dips.  It  is 
not  improbable  that  small  accumulations  of  this  kind  exist  in  the 
Pierre  shales  and  may  in  the  future  be  found.  The  chance  that  such 
may  exist  is  independent  of  the  original  source  of  the  hydrocarbons. 
It  matters  little  whether  this  was  near  the  horizon  of  the  oil-bearing 
strata  or  thousands  of  feet  below. 


Fio.  11. — Uypotheticttl  cracking  in  tlie  formation  of  the  oil-fleld  monocline. 


The  suggestion  of  a  deep  source  for  the  original  constituents  of 
the  oil,  based  on  the  bituminous  character  of  the  Benton  and  Nio- 
brara beds,  is  so  strong  that  any  plausible  explanation  of  its  rise 
through  the  Pierre  shales  deserves  consideration.  While  in  general 
highly  dense,  it  is  not  certain  that  the  Pierre  shales  directly  below 
the  known  oil  deposits  are  unfractured.  If  affected  by  fracture 
they  may  not  be  so  impervious  as  would  be  inferred  from  a  study  of 
samples.  The  folding  along  this  Ix^lt  may  have  had  more  signifi- 
cance than  the  making  of  suitable  closed  res(»rvoirs  in  which  to  hold 
the  oil.  At  the  foot  of  such  a  monoclinal  offset  as  has  lx»en  described, 
the  lower  strata  might  well  be  expected  to  be  stretched  and  those 
above  compressed.  (See  fig.  11.)  At  the  top  of  the  monocline, 
the  reverse  is  true;  the  upper  beds  should  be  stretched  and  those 
below  compressed.  If  such  folding,  therefore,  is  to  result  in  gi'eater 
permeability  of  the  lower  beds  along  any  belt,  it  must  be  along  the 
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foot  of  the  monoclinal  slope.  From  all  obsprvationw  in  this  field. 
this  tendency  to  fissuring  in  the  deeper  beds  might  well  be  tho 
chief  significance  of  the  monocline.  It  hns  been  pointed  out  iibove 
that  the  axis  of  the  oil-producing  belt  so  far  as  explored  is  n 
full  quarter  of  a  mile  east  of  the  north-south  line  along  which  (hn 
shales  are  homontal.  The  dip  of  the  shales  through  which  the  pro- 
ducing wells  are  drilled  approaches  20°.  Assuming  the  folds  of  Ilio 
lower  strata  to  be  similar  to  those  above,  and  remembering  that  no 
reservoirs  of  gas  have  been  found,  wliich  might  be  expected  to  crowd 
the  oil  down  the  slope,  this  situation  of  the  oil  deposits  docs  not  favor 
the  analogy  of  the  aoticlinal  reservoir.  It  seems  to  suggest  that  the 
foot  of  the  monoclinal  slope  may  be  quite  as  important  in  i-elation  to 
the  accnmiitation  of  oil  as  is  its  top. 

There  are  here,  therefore,,  two  {H>s.sible  ways  in  which  folding  may 
have  affected  these  oil  deposits;  (1)  It  may  have  provided  suitably 
constructed  reservoirs;  (2)  it  may  have  made  the  deep  rocks  suf- 
ficiently permeable  to  allow  the  ascent  of  hydrocjirbons  from  the 
lower  formations  whose  constitution  makes  them  the  most  plausible 
sources.  If  the  deei^r  origin  be  as.signed  to  the  oil.  then  the  second 
consideration  is  more  urgent  in  this  field  than  the  first,  though  the 
two  are  quite  consistent.  The  second  consideration  provide.'^  for 
communication  (otherwise  seemingly  impossible)  with  the  most 
bitumiiioii";  Ix-d'-  of  the  rejjion.  It  a\si\  luciilizes  the  uiiwiini  move- 
ment of  the  hydrocarbons  along  lines  of  fracture,  thus  accounting 
for  the  absence  of  oil  and  gas  in  some  of  the  most  porous  sands.  It 
also  harmonizes  well  with  the  situation  of  oils  far  down  the  mono- 
clinal slope.  Finally,  such  a  structure  in  a  mass  of  shales  containing 
occasional  sandy  beds  would  result  in  accumulation  at  very  diverse 
depths.  Fractures  leading  up  from  below  would  here  strike  and 
there  miss  sands  of  limited  lateral  extent,  just  as  the  wells  reaching 
down  from  the  surface  have  done. 

The  stretching  and  possible  fracture  of  the  deeper  beds  at  the  foot 
of  a  monoclinal  slope  are,  of  course,  not  open  to  observation.  The 
corresponding  process  in  the  upper  beds  at  the  top  of  the  slope  has 
left  the  marks  which  were  to  be  expected  in  this  field.  A  consider- 
able amount  of  fracturing  is  evidenced  by  calcite  vein  filling.  In 
the  SE.  i  sec.  6,  T.  1  N.,  R.  70  W..  where  there  is  the  incipient 
echelon  fold  that  has  been  described  {map,  PI.  II),  the  north  side 
of  the  mesa  shows  broad  exposures  of  the  bare  shales.  The  weather- 
ing and  erosion  of  these  has  left  the  surface  strewn  with  chunks  of 
calcite  which  occupied  the  crevices  of  the  shale.  These  veins  are 
often  several  inches  wide.  Similar  evidence  is  seen  just  west  of  the 
oil  wells,  where  the  horizontal  position  of  the  shales  gives  way  to 
the  eastward  dip. 


FBNNEMAN.]  OIL    AND    GAB.  97 

It  is  not  intended  to  suggest  that  the  lower  beds  at  the  foot  of  the 
monoclinal  slope  could  be  aflfected  by  open  fissures.  The  necessary 
depth  to  which  permeability,  resulting  from  deformation,  must  be 
extended  in  order  to  reach  the  Niobrara  and  Benton  is  even  now  well 
above  half  a  mile,  and  it  may  have  been  one  or  two  thousand  feet  more 
at  the  time  the  folding  took  place  (assuming  subsequent  denudation 
to  that  amount) .  At  such  a  depth  it  is  not  to  be  expected  that  crevices 
in  shale  will  open  wide;  indeed,  the  plausibility  of  the  entire  sup- 
position here  sketched  depends  upon  the  possibility  of  any  fracture 
at  all.  However,  inasmuch  as  the  shale,  when  perfectly  fresh,  is  a 
fairly  strong  rock,  it  seems  at  least  probable  that  deformation 
within  the  zone  concerned  would  be  by  fracture  rather  than  by 
flowage.  Still  the  connection  between  oil  accumulation  and  per- 
meability caused  by  folding  can  not  yet  be  affirmed.  Some  questions 
remain  to  be  answered  before  this  supposition  can  be  made  a  working 
hypothesis. 

PHYSICAL  PR0PERTIB8. 

In  physical-  tests  the  products  of  the  diflferent  wells  show  a  note- 
worthy resemblance,  despite  the  diverse  depths  from  which  they  are 
derived.  There  are  minor  differences  in  color,  but  in  general  the 
oil  is  a  light  amber  and  has  a  paraffin  base  and  an  agreeable  odor. 
Gravity  tests  range  from  42°  to  44.6°  Beaume.  In  all  flash  tests 
reported  the  oil  has  flashed  below  60°  F.,  and  the  exact  temperature 
of  the  point  was  therefore  not  recorded.  The  proportions  of  the 
more  valuable  products  of  refinement,  notably  that  of  kerosene,  are 
very  large.  The  current  price  of  the  crude  oil,  $1.10  per  barrel,  is 
the  best  indication  of  its  quality  from  a  commercial  point  of  view. 
It  is  said  by  Oliphant  to  be  the  best  oil  west  of  Mississippi  River.* 

PRODUCTION   or  OIL  AND  GAS. 

As  stated  above  (p.  77),  there  are  nearly  70  wells  in  the  productive 
area,  though  this  number  includes  some  very  shallow  holes.  Twenty- 
eight  have  pumped  oil  at  some  time.  Twelve  of  the  28  were  aban- 
doned before  October,  1904,  and  a  few  others  were  not  at  that  time 
pumped  with  any  regularity. 

The  oil  production  amounted  to  11,000  barrels  in  1902  and  39,000 
barrels  in  1903.  AVhile  a  very  substantial  gain  is  thus  indicated 
when  the  output  is  stated  by  years,  the  monthly  production  at  the 
close  of  1903  was  smaller  than  at  the  beginning  of  the  year.  The 
average  daily  production  for  1904  did  not  exceed  70  barrels. 

•  Mineral  Resources  U.  8.  for  1002,  U.  8.  Qeol.  Survey,  1004,  p.  562. 
Bull.  265—05  M 7 
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One  gas  well,  Ihe  BiilTalo,  in  the  southeast  corner  of  sgc.  'J!', 
and  therefore  in  the  same  north-south  Hue  with  the  oil  wells,  but 
farther  south,  has  yielded  considernhlti  rjuantitics  of  gas  for  several 
years.  The  gas  is  piped  to  Boulder  and  was  at  lirst  used  in  connec- 
tion  with  the  manufactured  gas.  Since  September.  1903,  no  gaa  has 
been  ninnufactui-ed,  and  the  quantity  of  gas  usied  from  the  well  has 
been  gradually  increased.  The  rate  of  consumption  has  at  times 
been  nearly  3,000,000  feet  per  month.  It  is  probable  that  the  present 
nite  of  con  sumption  eould  not  with  safety  l>e  greatly  increii.sed,  but 
no  diminution  of  the  capacity  of  the  well  has  yet  been  observed. 
Its  quality  is  very  satisfactory. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 
Washington^  D.  C,  Fchruary  4, 1903. 
Sir:  I  transmit  herewith,  for  publication  as  a  bulletin  of  the  Sur- 
vey, a  manuscript  entitlied  "  Paleontology  of  the  Malone  Jurassic 
Formation  of  Texas,''  by  Francis  Whittemore  Cragin.  Professor 
Cragin  prepared  a  large  part  of  this  paper  in  1899,  beginning  the 
work  while  he  was  a  graduate  student  in  Johns  Hopkins  University, 
Baltimore,  and  continuing  it  here  under  my  supervision  in  accordance 
with  authority  obtained  from  you  at  the  time.  I  have  inserted  a 
sketch  of  the  stratigraphy  of  the  region  and  have  prepared  the  accom- 
panying map,  using  data  furnished  by  Professor  Cragin  for  the  por- 
tion of  the  region  referred  to  in  his  text. 

I  may  add  that  Professor  Cragin's  collection  of  Malone  fossils  is 
now  the  property  of  the  United  States  National  Museum. 
Very  respectfully, 

T.  W.  Stanton,  Pahontologist, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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PALEONTOLOGY  OF  THE  MALONE  JURASSIC  FORMA 

TION  OF  TEXAS. 


Bv  F.  W.  Cragin. 


INTRODUCTION. 

SCOPK  OF  INVESTIC5ATION. 

This  paper  embodies  the  paleontological  and  some  geological  re- 
sults of  recent  studies  in  the  Jurassic  of  El  Paso  County,  Tex.  It 
is  in  part  the  outgrowth  of  one  of  briefer  scope,  prepared  in  1897-98 
from  collections  and  data  obtained  bv  me  in  a  reconnaissance  made  in 
1897,  and  supplemented  by  some  of  the  results  of  the  earlier  work  of 
Messrs.  Taff,  Wyschetzki,  and  Goodell,  as  explained  below.  In  its 
present  form  it  includes  also  the  study  of  two  collections  made  by  Dr. 
T.  W.  Stanton,  of  the  United  States  Geological  Survey,  as  noted  more 
particularly  elsewhere  herein. 

GEOGRAPHY  OF  THE  REGION. 

In  El  Paso  County,  a  few  miles  north  of  the  Kio  Grande  and  75  to 
80  miles  southeast  of  El  Paso,  is  a  narrow  ridge  known  as  Malone 
Mountain.  Its  trend  is  nearly  north-northwest  and  south-soul heast, 
and  is  nearly  continuous  wnth  that  of  the  northw^estern  end  of  the 
Quitman  Mountains,  from  which  it  is  separated  by  an  interval  of  less 
than  a  mile.  At  the  eastern  base  of  the  mountain,  near  its  northern 
end,  on  the  joint  line  of  the  Southern  Pacific  and  Texas  Pacific  rail- 
ways is  the  flag  station  of  Malone,  which  has  an  elevation  of  4,262 
feet  above  sea  level.**  Also  on  this  line  of  railway,  and  between  2  and 
3  miles  w^est  of  the  north  end  of  Malone  Mountain,  is  Finlay  station. 
As  shown  by  the  Fort  Hancock  sheet  of  the  Topographic  Atlas  of  the 
United  States,  in  preparation  by  the  United  States  Geological  Survey, 
the  mountain  rises  to  somewhere  over  5,050  feet  above  sea  level,  and  so 
has  a  relative  altitude  of  about  800  feet.  On  either  side  of  the  moun- 
tain ridge  are  hills  that  are  geologically  related  to  the  mountain. 

•  Gannett.   Henry,   Dictionary  of  altitudes  in  the  United   States,  third  edition  :   Bull. 
U.  S.  Geo!.  Survey  No.  160,  1899. 
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MALONR  JfBASSlC   fOBMATlUN    Ul'   TRXAH. 
HISTURV  OK  OWIUHJK'Al.  HTIIJIKH. 


L  The  geological  oljservations  niHfle  nlnng  this  part  of  the  Bin  (Jramie 
1  Valley  in  the  fifties  by  the  Mexican  Bonndary  and  Pacific  Railway 
A  surveys  were  but  cursory,  and  did  not  specifically  include  the  Maloiie 
7  tlistrict,  and  the  first  serioiia  geological  study  within  Ihc  diwlrict  was 
If  made  in  1890  by  the  (ioolc^eal  Survey  of  Texas,  under  Mr.  K.  T. 

(Dunible.     In  that  year  Mr.  J.  A.  Taff,  tlien  attached  to  Mr.  W.  11. 
Ton  Streeruwitz's  Trans-Pecos  division  of  thnt  survey,  stuilied  Malune 
Mountain,  nnd  Mr.  Ralph  Wyschetzki,  of  the  same  division,  collected 
,  a  few  fo^stU  from  the  hills  imrtheai^t  of  i(.     In  the  second  annual 
J  report  of  the  same  survey,  issued  in  1891,  Mr.  Taff  published  and  dis- 
^  cuR.'ipd  a  section  of  Malone  Mountain  iiTid  df^rilH^l,  witii  sciini  nllu- 
Lk  sion  to  its  paleontology,  an  esstnituil  part  of  Itie  MIll^n■^  fonnation, 
^B-Consisling  of  iimestone,  gypr^um.  nnd  llagstDiit'  of  Midono  Mountain, 
^^  which  he  called  the  "Malone  Iwds."     He  thus  virtually  recogniwd 
i  tlie  formation,  his  name  for  which,  iin  the  cstrlii'sC  pro[»OM'd  for  it,  is 
J,  here  retained;  but  he  erred  in  placing  it  in  the  Washita  Cretaceous 
m,  division  fogelher  with  his  F^tholen  and  Yucca  Ix'ds,  which  are  lypi- 
wL  caily  seen  in  &  part  of  the  Etholcn  Knobs  nnd  Yucca  Me.sa,  and  are  of 
I  Olou  Rose  age,     Mr.  Tutf  aUn  cmivlatcd  the  sandstone  and  oyster- 
m    Khcll  breccia  of  the  Etholen  Knobs  with  the  Malone  fonnation,  but 
these,  like  the  IClholcn  breccin-couglornenitcs  and  (he  Yucfra  Iied^,  bo- 
long  to  the  Glen  Rose  alternating  beds. 

In  1893  I  described "  the  Iwtler  part  of  a  small  collection  of  fossils 
which  Mr.  Wyschetzki  had  obtained  from  the  hills  northeast  of  Ma- 
lone Mountain.  Disregarding  for  the  moment  a  strong  suspicion 
that  these  fossils  were  Jurassic,  I  descrilwd  them  as  Cretaceous, 
since  the  time  and  material  then  available  were  too  limited  for  a 
conclusive  study,  nnd  since  it  was  thought  that  the  small  Malone 
faima  then  known  had  one  s|)ecios  in  common  with  the  Cretaceous,  in 
Triffonla  taffii^  which  occurred  with  undoubted  Cretaceous  fossils  on 
Bluff  Mesa  and  was  supposed  to  have  been  found  in  the  Malone  dis- 
trict also.*  But  I  resolved  to  take  up  the  question  at  the  first 
opportunity  that  should  offer. 

•A  contribution  to  the  Inrprtel.rnte  jiaii'onlolog)'  of  the  Teias  rretaceoua;  Fourth 
Ann.  Re|)t.  lieol.  Survey  Texas,  pt.  'i,  pi>.  1-lv.  inn-24l>.  and  Pis.  XXlV-XI.Vi. 

'The  material  thus  treated  Ini'luded  »1jt  new  apecleii.  which  were  ilescrlbeii  under  the 
following  uames :  Anatina  tosta,  Cii':uir<rn  tranHprr-mrntli.  Cgprina  •IrF.rruvUM,  Trlgortia 
vyichelzlm,  Trigonta  taffll,  and  Vinhi  ni<i(i>nrn*(ir.  II  wnH  nfternnrds  found  Ihnt  Trlgo- 
nla  tagli  does  not  oreur  at  ail  In  tiie  Malone  fnrmaUon,  hut  Is  a  foHill  of  the  men  Rose 
alternaOng  beds,  to  which  Bluff  Nchu  lielonsK,  The  ty]>e  mnterliil  of  Trlgonla  laffli  was 
described  lloe.  clt..  p.  '.'11)  aa  havlnx  oome  In  part  from  Illuff  Mesa  and  In  pari  from  tbe 
localllx  of  TrigiiHla  rtuchrUklt,  east  of  Malone.  H  1«  miw.  however,  practleally  certain 
that  the  nearly  complete  Tnlve  fi-oni  Bluff  Mesa  aliine  rciiresenled  msfonla  tagu,  and  that 
all  of  (he  fraemcntal  mntorlnl  whkh  was  supposed  1<>  beloue  tu  this  apei^ies.  and  which 
nas  from  the  Malone  locality,  lielonfied— as  part  of  It  which  I  reeently  had  opportunltj 
of  nvinniinlnir  rerlnlnlj  does— to  T.  TgarlKtikil.  All  of  the  rery  diligent  cntleeting  done 
at  the  Afa/ous  locality  by  Doctor  Stanton  and  mjsell,  wtiWe  atao-MVnfe  Uie  <y;cmieii'»  ot  T,' 
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No  opportunity  for  further  investigation  of  the  Malone  fauna  was 
presented  until  1895.  In  March  of  that  year  the  late  Mr.  Robert  W. 
(joodell,  assisted  by  his  father,  Mr.  R.  R.  Goodell,  made  a  journey  to 
Guaymas,  Mexico,  to  obtain  recent  marine  invertebrates  from  some 
rich  collecting  grounds  on  which  I  had  worked  in  the  winter  of 
1882-88.  In  returning,  he  very  kindly  undertook  to  visit  Sierra 
Blanca  and  Quitman  mountains.  Bluff  and  other  mesas,  and  the 
hills  north  to  east  of  Malone,  to  seek  further  evidence  concerning 
the  age  of  the  rocks  (hat  had  vielded  the  Wvschetzki  collecticm. 
From  the  Sierra  IManca  Mountains  and  several  other  of  the  eleva- 
tions  visited,  which  did  not  include  Malone  Mountain,  the  Messrs. 
Goodell  brought  back  a  large  number  of  fossils,  all  of  which  were 
of  the  Comanche  st>ries  save  those  from  the  hills  a  mile  and  a  half 
east  of  Malone  station.  Those  from  the  latter  locality  included, 
tesides  several  of  the  species  obtained  there  by  Mr.  Wvschetzki  in 
1890,  some  specimens  which  the  writer  recognized  as  specifically 
identical  with  the  Mexican  Jurassic  fossil,  Pleuromya  inconstans 
Castillo  and  Agui-lera,  and  one  example  of  an  undcscribed  Trigonia 
of  the  Jurassic  section  Undulata?.  A  restudy  of  Trigonia  cynchetzkii^ 
of  which  the  Messrs.  Goodell  had  obtained  new  material,  led  me  to 
the  conclusion  that  the  affinities  of  that  fossil  also  were  Jurassic 
rather  than  Cretaceous.  In  189G-97,  therefore,  I  prepared  a  brief 
pai^ef  on  the  "  Discovery  of  marine  Jurassic  rocks  in  southwestern 
Texas,"  assigning  to  the  Malone  fornuition  a  stratigraphic  place 
somewhat  different  from  that  given  to  the  original  "  Malone  Ix^ds  " 
of  Mr.  Taff,  and  announcing  its  Jurassic  age.  This  article,  which 
included,  from  the  field  notes  of  Mr.  Robert  W.  Goodell,  the  latter's 
section  of  the  hills  northeast  of  Malone  station,  was  published  in  the 
Journal  of  Geolog}%  Volume  V,  pages  813-820. 

It  was  noted  in  this  article  that  a  comparison  of  the  observations 
of  Mr.  Goodell  with  those  of  Mr.  TafT  seemed  to  show  petrographical 
grounds  for  a  formational  correlation  of  the  hills  northeast  of  Malone 
station  with  the  Malone  l)eds  of  Malone  Mountain.  Such  correla- 
tion, for  a  part  of  these  hills  and  a  part  of  the  mountain,  was  con- 
firmed palecmtologically  by  me  in  August,  1897,  when  I  visited  El 

vyBchcizkii  in  profusion,  has  failed  to  yieid  a  »ing1o  fragment  of  the  7*.  iaffii.  On  the 
other  hand  the  fauna  with  which  T.  taffli  is  associated  was  examined  by  Doctor  Stanton 
and  by  me  In  1897,  lx)th  by  a  joint  excursion  to  Bluff  Mesa  and  by  our  independent 
examinations  of  the  W.  F.  Cummins  Red  Buii  Canyon  collection  In  the  museum  of  the 
GeoIofl:ical  Survey  of  Texas,  and  was  found  to  Include,  with  some  species  hitherto  unde- 
scribed,  others  of  the  Glen  Rose  Cretaceous. 

Id  1894  Mr.  Cummins  made  a  collection  of  fossils,  including  Trigonia  ta0i,  near  the 
Kouthern  end  of  the  Quitman  Mountains,  labeling  it  **  Mule  Canyon."  An  excursion  to 
Mule  Canyon  was  made  by  Doctor  Stanton  and  myself  In  1897,  but  the  fosslliferous  roclcs 
in  its  vicinity  were  found  to  contain  Cretaceous  fossils  unlike  those  collected  by  Mr. 
Cummins.  Further  search  by  Doctor  Stanton  In  1898  resulted  In  his  discovering  the 
locality  of  the  Cummins  collection,  which  was  found  to  be  Red  Bull  Canyon,  tlie  designa- 
tion, "  Mule  Canyon,"  having  been  used  by  Mr.  (^ummins  on  hVa  V«iV^\v^  \\iXQi>\^^  was^^ 
iDadverteoce. 
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Paso  County,  Tex.,  and  found  that  certain  fossils  were  common  to 
the  locality  a  mile  and  a  half  east  of  Malone  station  and  to  thie 
southeastern  quarter  of  Malone  Mountain,  and  in  September  of  that 
year  and  in  the  summer  of  the  year  following,  for  the  mountain  in 
(jeneral  and  its  western  foothills,  bv  Dr.  T.  W.  Stanton,  who  found 
for  these  and  the  eastern  foothills  an  essentially  common  fauna. 

I  arrived  at  Sierra  Blaiica  station  Aufifust  19,  1897,  and  remained 
till  September  7,  reconnoitering  in  several  directions  from  that  sta- 
tion as  headquarters  and  giving  the  greater  part  of  my  time  to  the 
Malojie  district.  I  examined  parts  of  the  eastern  slope  of  Malone 
Mountain,  from  which  also  I  obtained  a  few  fossils,  and  observed, 
from  the  southern  part  of  the  mountain  crest,  the  general  relations 
of  the  western  foothills.  But  it  was  to  the  eastern  hills,  as  includ- 
ing the  locality  that  had  yielded  the  interesting  fossils  to  Mr. 
Wyschetzki  and  the  Messrs.  (loodell,  that  I  gave  chief  attention; 
and  from  these  hills  T  made  a  large  collection  of  fossils.  The  western 
slope  and  foothills  of  the  mountain  I  was  unable  to  explore  for  lack 
of  time. 

On  September  2  Doctor  Stanton  reached  Sierra  Blanca  and  joined 
me  in  exploring  and  collecting  for  a  few  days,  both  in  Cretaceous 
localities  and  in  the  eastern  part  of  the  Malone  district.  Doctor 
Stanton  remained  in  the  field  after  my  departure  and  carried  recon- 
naissance furtlior  \v(»st\var(l  than  T  had,  examining  the  western  slope 
and  footliills  of  Malone  Mountain  and  making  a  section  of  the 
mountain.  In  tlie  sinninei*  of  1S<,)S,  with  more  time  and  bett<'r 
facilities  at  liis  dis|)()sa]  than  had  been  available  to  either  of  us  in 
1807,  Doctor  Stanton  returned  to  this  ])art  of  Texas  and  made  addi- 
tional collections  and  a  com])r(»hensive  examination  of  tlie  Malone 
and  contiirnons  territory.  Later,  with  tin'  consent  of  the  Direc'tor 
of  the  United  States  (ie<)l()iri<-al  Survey.  Doctor  Stanton  very  gen- 
erously turned  over  to  me  for  study  and  descrijition  all  of  the  marine 
fossils  collected  by  him  from  the  Maloiie  formation  in  his  two  expe- 
ditions. Doctor  Stanton's  ireoloirical  o!)servati()ns  will  be  mven  bv 
himself  in  another  connection  herewith. 

The  types  collected  in  the  Malone  district  by  the  (Jeological  Survey 
of  Texas  in  18<.)0  and  <lescri!)ed  in  the  fourth  amiual  report  of  that 
survey  have  in  ])art  been  loaned  to  the*  Fnited  States  (Jeological  Sur- 
vey by  Doctor  Dumble  and  used  in  ju-eparing  this  paper.  Most  of 
the  s])ecies  thus  early  collected  are  re|)re>ente<l  by  am[)ler  material 
from  later  collections.  Th(»  more  im|)ortant  of  the  specimens  of  the 
(loodell  Malone  collection,  which  wei-e  iri\'en  to  me  bv  Mr.  Kobert  AV. 
(loodell  in  1S97,  and  mv  Malone  cr)llection.  made  in  the  latter  vear, 
have  reciMitly  become  the  property  of  the  United  States  National 
Musetnu  and,  first  studied  in  the  sununer  of  iSD.s,  have  been  restudied 
j'n  ronncction  wiili  the  other  nvater\i\\.    T\w  \\v.vVv^y\\\\  ow  nnVvWVv  lV\vi!^^e, 
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paleontological  studies  are  based  therefore  includes,  with  the  excep- 
tion of  three  or  four  mishiid  specimens,  all  of  tlie  marine  fossils  that 
have  hitherto  been  collected  in  Texas  from  rocks  of  the  Malone 
formation. 

GE0IX)C;Y    of   the    RE(iION. 

All  of  the  fossils  described  in  this  paper  are  from  Malone  Moim- 
tain  and  neighboring  hills,  and  from  within  a  few  miles  of  the  rail- 
way stations  of  Malone  and  Finlay.  The  greater  number  were 
obtained  from  east  of  the  mountain,  in  the  range  of  low  hills  which, 
in  my  article  on  '*  Discovery  of  marine  Jurassic  rocks  in  southwestern 
Texas,"  I  called  the  Malone  Hills. 

Beginning  about  half  a  mile  north  of  Malone  station,  and  in  part 
too  low  to  l)e  indicated  by  the  contour  lines,  with  50- foot  intervals, 
used  in  the  general  topographic  map  of  this  region,  these  hills  extend, 
ti'ending  at  first  about  eastward  and  later  more  southeasterly,  as  a 
practically  continuous  Jurassic  outcrop  through  the  Neocene,  for  a 
distance  of  a  mile  and  a  half.  At  a  mile  to  nearly  a  mile  and  a  half 
from  the  station  they  inchide  a  line  of  three  connected  hills  {C,  Z>, 
and  E^  on  PI.  I,  in  order  of  distance  from  the  station),  which  may 
be  called  the  Trio.  As  best  observed  on  the  southeastern  quarter  of 
hill  E^  the  Trio  geological  section  comprises  three  natural  subdivi- 
sions, the  lower,  middle,  and  upper  of  which  respectively  may  be 
designated  as  Theta,  Iota,  and  Kappa. 

The  Theta  subdivision  of  this  section  consists  chiefly  of  sandstone, 
with  occasional  courses  of  more  or  less  >andy  varying  to  relatively 
pure  indurated  limestone  and  some  day.  The  sandstone  and  clays 
are  of  a  gray  and  yellowish- brown  color,  sometimes  varying  to  pur- 
ple and  red.  The  purer  of  the  limestone  layers  have  a  bluish-black 
color,  weathering  to  gray  or  brown.  Bedded  and  irregular  seams  of 
white  cleavable  calcite,  sometimes  several  inches  thick,  here  traverse 
the  Theta  in  its  upper  part.     The  base  of  the  Theta  is  not  exposed. 

A  short  distance  southeast  of  hill  E  is  a  very  low  truncate  mound 
(F)y  from  which  the  Ka])pa  subdivision  had  been  removed  by  erosion 
lK»fore  the  prevalence  of  the  Neocene  waters  which  have  so  widely 
mantled  the  lower  levels  of  this  region  with  tufaceous  cements  and 
conglomerates.  The  mound  is  gently  synclinal  in  structure  and  con- 
sists of  a  few  feet  of  Iota  conglomerates  rising  rather  abruptly  from 
gentle  basal  slopes.  A  Theta  outcrop  of  only  a  few  acres,  lying  chiefly 
in  the  interval  between  hill  E  and  the  Truncate  mound,  but  extending 
also  around  the  latter  except  on  its  east  to  southeast  quarter,  and 
embracing  so  much  of  the  basal  slopes  of  both  elevations  as  has  been 
denuded  of  its  Neocene  mantle,  is  by  far  the  richest  collecting 
ground  in  the  Malone  district.  This  interval  is  of  anticlinal  struc- 
ture,  the  strata  increasing  their  dip  from.  eilYvet  Wv^  Yv^\^cSooYvck^\ji^^i^ 
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of  the  Trio  or  that  of  the  Truncate  mound  toward  a  common  line, 
the  axis  of  a  closed  fold,  where  they  stand  nearly  vertical,  and  where 
is  the  sliallow  beginning  of  a  small  draw  that  deepens  to  the  north- 
ward. This  pinchyig  and  change  of  dip  make  difficult  a  close  esti- 
mate of  the  thickness  of  up}>er  Theta  strata  here  exposed,  but  it  does 
not  seem  probable  that  less  than  alx)ut  250  feet  of  these  can  have  been 
involved  in  the  exposed  portion  of  either  limb  of  the  fold. 

If  we  except  obscure  vestiges  of  fossils  in  the  Kappa  limestones 
and  fi'agments  of  Paleozoic  fossils  (partly  corals)  in  the  pebbles  of 
the  Iota  conglomerates,  the  fossils  at  this  locality  are  confined  to  the 
Theta  subdivision. 

A  very  few  forms,  two  or  three  of  them  identifiable  as  the  com- 
monest Malonc  species,  were  collected  in  the  upper  part  of  the  Theta, 
chiefly  in  one  l>ed  of  slight  thickness,  at  a  spot  near  the  southwestern 
base  of  hill  C^  at  the  south  border  of  the  flat,  saddle-like  interval 
that  separates  the  Trio  from  the  west-northwestward  continuation 
(.1,  B)  of  this  hill  range.  In  the  innnediate  vicinity  of  this  minor 
occurrence  of  fossils',  and  stratigi*ai>hically  lower,  is  a  small  exposure 
of  gypsum.  This  locality  is  only  about  half  a  mile  wei>t  and  a  little 
north  of  the  principal  collecting  gi'ound  above  descTibed. 

The  Iota  subdivision  of  the  Trio.secti(m  consists  distinctively  of 
coai'se  conglomerates,  in  six  or  more  lx»ds  1  to  8  feet  thick,  separated 
by  layers  of  ivlatively  soft  sandstone.  Many  of  the  jx^bbles  and 
(ohhlcs  in  these  coiiglouu'ratos  xwv  of  iroii-stained  chert  and  siliceous 
limestone:  some  are  evidently  of  Paleozoic  derivation,  and  a  few  are 
of  white  (piartz.  In  tlie  sontiieastern  slope  of  tlie  east  hill  of  the 
Trio  tlie  thickness  of  the  lota  is  about  50  feet.  In  the  Truncate 
mound  a  considerable  part  of  the  original  thickness  has  been  removed. 
The  dip  of  the  Iota,  like  that  of  tlu*  ot])er  and  generally  nnich  dis- 
tnrl)ed  meml)ers  of  the  Malone  formation,  is  extrtMuelv  vai'iable  in 
amount  and  direction.  In  the  Trio  and  the  Truncate  mound  it  is 
usually  from  ir> '  to  'iy\  l)ut  cxc^mmIs  tlie  lattiM*  amount  in  ])laces.  On 
the  southeastern  slope  of  tlie  Trio  its  direction  is  a  few  degrees  west 
of  north;  in  the  east  and  west  walls  of  the  Truncate  mound  it  is, 
res])ectively,  west  and  east. 

At  the  is(>lated  hill  ((f)  south  of  the  raihvav,  between  one-half  and 
thi'ee- fourths  of  a  mile  southeast  of  the  main  fossil -I  )earin<r  localitv, 
no  fossils  were  found,  nor  any  Malone  I'ocks  lower  than  lota,  though 
the  typical  succession  (d'  conglomerates  of  the  latter  subdivision  is 
shown  there,  blanketed  hv  Neocene  at  its  base. 

TIh^  Ka])])a,  which  forms  the  up])ei*  portion  of  the  Trio — about  40 
feet    in   hill   I\ — is  of  hard,   ma>sivelv   bedded,  bluish-black,  calcite- 

« 

seamed  limeMone,  charged  with  irregular  segregations  or  ini]">regna- 
tions  of  silica  and  iron.     Much  of  it  is  cleft  into  h'rge,  rectangular 
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blocks  by  weatliering  along  joint  planes  and  l)ed  planes  in  such  a 
manner  that  it  is  not  always  very  obvious  which  set  of  planes  repre- 
sents the  dip  exce2>t  as  this  is  indicated  by  underlying  strata.  It  is 
impossible  to  sa}^  what  thickness  it  may  have  hgd  here  formerly,  as 
an  unknown  part  of  it  has  been  removed  \w  erosion. 

At  its  base  in  the*  Trio  the  Kappa  limestone  ])re.sents  a  zone  several 
feet  thick,  comj^osed  almost  whoUv  of  spherical,  oval,  or  somewhat 
irregular  concretions,  from  1  to  3  or  4  inches  or  occasionally  more  in 
diameter.  They  consist  of  alternating  lighter  and  darker  layers, 
each  a  few  millimeters  thick,  and  sometimes  weather  unif(uinlv  with 
the  matrix,  being  then  seen  in  section,  or  are  harder  than  the  inclos- 
ing rock,  when  they  are  weathered  out  as  pebbles,  splitting  sometimes 
into  hemisi)heres  which  show  the  concentric  layers.  This  is  only  an 
exaggerated  sort  of  pisolitic  structure.  It  is  probable  that  this  hori- 
zon, like  others  of  the  Malone  formation,  is  variable,  and  that  piso- 
litic structure  is  only  locally  developed  in  it.  This  rock  is  very 
probably  similar  to  the  pisolitic  limestone  conglomerate  mentioned 
by  Mr.  Taff  as  constituting  No.  9  of  his  Malone  Mountain  section." 

A  reconnaissance  was  made  of  the  western  segment  (A,  B)  of  the 
Malone  Hills,  consisting  chiefly  of  limestone  and  gypsum,  with  sand- 
stone at  its  western  end  (as  described  by  Mr.  Rolx^rt  W.  (ioodell  in 
connection  with  his  section  of  the  Malone  Hills)  ^  and  at  least  one 
remnant  of  conglomerate  at  its  southern  border;  also  of  a  ridge  of 
quartzitic  sandstone,  apparently  l)elow  the  adjacent  gypsum,  and 
which  forms  an  eastern  'foothill  of  Malone  Mountain  at  the  southern 
end  of  the  mountain,  and  of  portions  of  the  eastern  slope  and  sum- 
mit of  the  mountain.  But  as  these  were  for  the  most  part  only  cur- 
sorily examined,  and  yielded  no  fossils  except  at  one  locality  in  the 
eastern  slope  of  the  mountain,  no  attempt  will  here  be  made  to  cor- 
relate positively  their  stratigraphic  sulxlivisions  with  those  observed 
at  and  southeast  of  the  Trio. 

Provisionally,  however,  it  may  Iw  said  that  if  the  gypsum  near  the 
southwestern  base  of  hill  C  reprc^sents  the  same  horizon  as  the  heavy 
l)ed  that  traverses  the  western  segment  of  the  Malone  Hills,  and  if  the 
latter  is  but  a  reappearance  of  (he  great  gypsmn  bed  the  uj)per  limit 
of  whose  outcrop  disappears  by  descending  northerly  from  the  south- 
em  east  front  of  Malone  Mountain,  then  the  following  inferences 
would  apparently  be  reached :    . 

(1)  That  the  same  gypsum,  though  not  exposed  there,  probably 
underlies  the  highly  fossiliferous  sandstones  and  limestones  of  the 
Theta  at  the  east  end  of  the  Trio  and  at  the  Truncate  mound. 

(2)  That  the  well-stratified  limestones  and  the  massive  remnant  of 
conglomerate  lying  above  this  gypsum  and  bordering  it  on  the  south 

•  Second  Ann,  Bept  Geol.  Survey  Texas,  pp.  722,  723.         •  Jour,  Ci«oV,,  N\i\.  ^,  ^.  %Vv. 
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ill  the  WL'«tj?rii  st'gmeiit  of  llie  Mulorii^  Hills  woTild  reprcHfiit  iIil-  TUeta 
and  the  lofa  in  thiil.  qiiartiT. 

(3)  That  thi'  con^loiiierat^.s  nlwvc  Ihe  gypsum  in  the  mst  face  ot 
Mfilone  Mountain,  at  the  wiithern  eiirl  of  the  mountain  and  at  the 
transverse  anticline  a  mile  farther  north,  would  i-cprcscnt,  in  part  at 
least,  the  Iota. 

(4)  That  the  Theta  in  the  eastern  slope  of  the  mountain  at  itK 
southern  end  would,  if  pre;<eiit,  belong  about  at  tht;  summit  of  th« 
gypaum,  and  that  it  either  han  l»tn  removed  by  erosion  during  the 
formation  of  the  oongiomerates  or  is  possibly  represented  theni  by 
the  upper  part  of  the  gypsum  itself. 

The  fossils  obtnineil  by  me  from  the  eastern  slope  of  the  motinlain 
wen'  found  in  a  ravine  at  the  base  of  the  mountain,  in  a  horizon  uf 
impure  limestone,  at  the  passage  fi-om  ronglomeratas  like  Uiose  of  the 
Iota  to  iimestonea  like  those  of  the  Kappa,  forming  part  of  an 
obliquely  transversB  anticline  alKiut  a  mile  north  of  the  southern  end 
of  the  mountain ;  those  eoUecled  at  the  latter  locality  by  Doctor  Stan- 
ton wei-e  obtained  in  part  fi'om  limestones  somewhat  higher  in  the 
anticline. 

niSTRlBOTIOK   OF   FOSSILS   IN    MAIXINE    DIBTHICT. 

A  large  number  of  the  fossils  herein  described  will  In-  found 
recorded  »«  havinfr  been  cyllccled  l)y  Doctor  Stanton  at  a  riuml.cr  of 
points  on  or  near  Malone  Mountain,  especially  on  the  western  slope 
and  foothills.  The  great  majority  of  these  had  previously  been  found 
at  the  notable  locality  east  of  Malone,  but  several  will  be  found  li^ed 
from  the  mountain  or  its  western  foothills  only.  Among  these  arc 
the  Najitiliis,  a  few  other  Mollusca,  and  the  two  echiiioderms. 

How  prolific  the  Malone  formation  is  in  fossils  at  the  several  col- 
lecting stations,  and  how  much  the  original  Malone  Hills  locality 
excels  the  others,  may  be  seen  by  the  following  lists: 

OCCUBBENCE   OF   SPKCIES   BY    LOCALITIES. 

LoCAUTv  No.  l.—Thetn  aiibdirinion  of  Hie  Trio  firclioii  in  the  ilalone  Hlllf,  1| 
mih'H  east  of  Malone  rail  way  slat  ion. 

Astrocwnia  mHtonlann,  Plipatulii  sportelln. 

Serpula  gordialis.  Llaia   (Rnduln)   liiterlineata. 

Scrpula  np.  (large).  Lima    (Ctenontreon)   riogroadeosls. 
Rerpula  sp.   (smnll,  with  anniilHr.  flU-      Pecten  Insutiis. 

form  coBtelhe).  Gervllllu  corrugata. 

Berenicea  maloniana.  Mytllns  mintliifl. 

Ostrea  np.  Modloln  Dialunlana. 

Or.vpbiea  inexlonna.  Pinna  i|iiaiirlfrons. 

Exogyra  i*ul)iiHcifera.  Arc«?dumbH. 
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Arealtaffii. 

(.•ucullaea  catorcensis. 
Cucullfpa  texticx)8tata. 
Cuculhwi  trausiKH-'osensis. 
Leda?  navicuIaV. 
Trij?onia  calderoni. 
Trigonia  conferticostata. 
Trigoiiia  goodollii. 
Trlgonia  munita. 
Trigonia  proscabra. 
Trlgonia  nidlcastata. 
Trigonia  vyschetzlvii. 
Astarte?  craticula. 
Astarte?  isodontoidcs. 
Astarte  maloneusis. 
Astarte  uiicrophyes. 
Astarte  |)ostlealva. 
Ptychomya  stantoni. 
Lucina?  mexieana. 
Lueina  potosina. 
Luciua  potosina,  var.  nietrioa. 
Unicardiuni  semirotuudum. 
Unicardium  transversum. 
Cyprina  eoteroi. 
Cyprina?  streeruvitzii. 
Tapes?  euneovatiis. 
Pholadomya  niarcoui. 
Pholadomya  paucicosta. 
Pholadomya  pneposita. 
Pholadomya  tosta. 
Pleuromya  inconstans. 


Pleuromya  inconstans,  var.  eurta. 
Anatina  obiiquipllcata. 
Anatina  pliculifera. 
Thrac'ia?  nialoniana. 
Martesia?  nialoniana. 
Pleurotomaria  circunitrunoa. 
Turbo?  Iwneoiathratus. 
Delphlnula  stiuitoui. 
Nerita  nodilirata. 
Nerita  perol)lata. 
Vermetus  eornejoi. 
Natiea  bilabiata. 
Natica  infleeta. 
Natioa  wiiliamsi. 
Chemnitzia  goodellii. 
Nerinea  cireumvoluta. 
Nerinea  goodellii. 
Nerineila  stantoni. 
Cerithium  areuiferum. 
Actteonina?  maloniana. 
Opi)elia?  faliax. 
Olcosteplianus  malonianus. 
Perisphi notes  feiixi. 
Perisphinetes  potosinus. 
Perisphi  notes  soluioherti  ?. 
Aspidooeras  alaniitooensis. 
Pyonodont  fish  tooth. 
Cycloid  fish  scales. 

Enalio.saur   (fragments  of  bones,  indi- 
cating animal  of  otmsiderable  size). 


I..OCALITY  No.  2. — tiouth  border  of  flat  saddle,  went  of  the  Trio,  about  a  mile  east 

of  the  Malone  railway  station. 


Trigonia  vyschetzkii. 
Astarte  malonensis. 


Pleuromya  inconstans?. 


Ix>CALiTY  No.  3. — Anticline  in  cast  slope  of  Malone  Mountain,  about  a  mile  north 

of  the  southern  end. 


Holectypus?  sp. 

Serpula  gordlalis. 

(Jrypluea  mexieana. 

Exogyra    subplicifera    (probable  casts 

of). 
Modiola  maloniana. 
Cueullfpa  catorcensis. 
Leda?  navlcula. 
Astarte  malonensis. 


Unicardium  semirotundum. 
Unicardium  transversum. 
Pleuromya  inconstans. 
Martesia  maloniana. 
Turritella  burkarti. 
Chemnitzia  goodellii?. 
Nerineila  stantoni. 

Selachian   (fin  spine  of  Indeterminate 
genus). 


Bull.  2({6— 05  M- 
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it  iif  thr  rnlhi'at/  Mlalhn  iif  I'lulaii:  up, 
»  Ihir  (ut'U/iftf  ncil  hfl'iw  mentioned. 


'['rlgouln  praiitfllirii  t.' 
Aiturtp  inMlonenitlK. 
ITiik'iinlium  IriinNVfimum, 
ChemnltKla  ^mmIcIIII. 
NiTiuellii  Btatitaul. 


Gr^pbffii  inenlciiiiii. 

Llrou  iDterlitieiitn. 

Pectin  iDsutiM. 

Moaiolfl  i^nlcUlatH. 

Modiolu  maluiilttiiu. 

Trlgoula  ealUvronl. 

LocALiTT  No,  B.—foothlllii  near  the  raUmad,  at  nrirlhu-'-*li'rn  end  nf  italonr 
Uountatn.  a  Utile  over  t  miles  eaiit-»Otttheii»t  uf  Pinluy  utatimi.  mil  more  than 
200  feet  above  the  t;i/f(*Hm  brit;  total  r^pwrn/r  ab'ire  giip»um  bed  A«r*  mO 
feel;  fuMit*  all  from  middle  hundred  (eet. 


Nntli'ii  fliilii.vi-iisifi. 
Nntlca  InfleptB. 
NiiiillliiK  iiflufriipis. 

I'erlM|ibliiirli>8Ki'liii(7)Ktrtl. 


CncnlliM  (■uatltlut. 

TiUijlTia  potoslDti,  vnr.  Ea<?trlcA. 

I.lU'ltm  iiliiuiiiReuln. 

UnlcHrdlnni  scmlrotuuiluni. 

rholuduiiiyn  paiKrlcciKtii. 

Nerlta  finlsyenitis. 

LocAUTY  N(t,  ft. — Flrxl  hiffh  ridi/v  went  tif  Hahtnr  ifuantaln,  ab'iul  i  vitlen  lecitt 

of  JUiilmw  Htatlon,  in  No.  13  of  Doctor  Utanton't  italonc  Uountain  Kveliiin. 
OiTpli'wi  m^idi'iiiiii.  Astiirtt^  miil"nptisii<. 

Peetcn  IdbiiIhh.  I'lcui'oiu.vn  liiiMUHtnns. 

TrigoDlu  muniffi. 
liOCALiTY  Nil.  7. —  Wt'st  Iif  Ihr  luirlh  pari  uf  ilalonr  HhiunlaiH.  abnut  2  miicK 

nonthircut  uf  Mulmiv  giallim,  in  ,V<i.  l-i  'if  Itiivlw  Utaiiliin'H  Malmir  Mountain 

section. 


Gryphiea  mexlcnna. 
Pecten  inaiituR. 
Aetarte  nialonpimiu. 
Uiilcardluni  semi  rot  unOuiu. 
Pleuromya  ln«inntanw. 
Locality  No.  8. — ,4(  same  locality  as 
higher,  vis.  No.  25  of  Doctor 


MartcHin  mnlonlana. 

Ctiemnltzia  gofxlellil. 

NerlDella  Htantonl, 

NautJliiH  Inirkarti?. 

PerlRphlrictes  clurki. 
the  jtrccedinff.  but  from  a  horizon  229  feet 
Stanton's  Uaiime  Mountain  seclion. 


PygoruB  ep. 

Grypluea  inoxicann. 

Locality  No.  0. — West  base  of  Malone  Mnunlai 

I  '     southern  end." 


.  a  short  distance  north  of  the 


<irypliiipa  iiicxlcann. 

Rxogyra  [ratoslna   (broadly  trlaiigulat 

phase), 
(iprvlllin  cimlerelln. 
Oervlllla?  rIoKranclctiHlsi. 

■  Som«lblni;  more  than  (hU  [IlHtnniv,  a  \\ 

b  A  cast :  It  maj  poaalbly  repreepDl  T.  pr 

''On   tbia  mllectinc  statlnn.  Iiavlni;  pre' 

water  lliUMlaDe  7:>  li>  100  rn>t  twiuw  a  qii 

"  Id  llic  llelfl  thlH  was  lieirevrti  to  !»  iK-tw 


Pinna  quaiirifrons. 

Pliolailoiiiyn  cf.  niar«)ul. 
Plpuroniya  liiponstniis. 
npiironiya  lii<^nstatis,  vnr.  curta. 
Corhiiln?  ninlfniliiiin. 


IoubI^  rcrerred  li 
n  tiid.   Doctor  S( 
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IjOCality  No.  10. — Foothill  west  of  Malone  Mountain,  about  2  miles  north  of  its 
southern  end;  possibly  same  horizon  as  that  of  the  preceding  locality. 

Gryphjpa  mexleana.  Astarte  malonensls?. 

Exogyra  iH)tosiiui  (narrower  phase).  Luolna  potosina,  var.  metrlca. 

Pecten  insutus.  Pleuromya  inconstans. 

Pinna  quadrifrons.  Perisphlnctes  aguilerai. 

rx>CALiTY  No.  11. — Near  southern  end  of  Malone  Mountain,  west  face,  near  top; 

stratigraphic  relation  obscure. 

Trlgonla  inunita.  Nerinea  goodellii. 

Locality  No.  12. — Conglomerate  on  west  face  and  near  top  of  Malone  Mountain. 

Trigonia  goodelliiV  (cast,  larger  than  other  siwclniens  of  this  sik) 

Locality  No.  13. — East  slope  of  Malone  Mountain  near  the  southern  end;  200 

or  SOOT  feet  above  the  gypsum. 

Gryphjea  inoxicana.  Oppelia  faUax?. 

Trigonia  prwstriata.  Perisphlnctes  clarki., 

AGE  OF   MALONE   FAUNA. 

The  affinities  of  its  fauna  clearly  refer  the  Malone  formation  to 
the  Jurassic.  The  only  evidence  that  at  first  thought  might  seem 
discordant  is  the  occurrence  of  the  genus  Ptychomya,  which,  with  one 
or  two  doubtful  exceptions,  has  not  been  recorded  hitherto  from  ro(;ks 
older  than  the  Cretaceous.  But  when  it  is  rememlx^red  that,  of  the 
Cretaceous  Ptychomyas,  only  one  species  occurs  later  than  the  Lower 
Cretaceous  (Neocomian  and  Gault)  and  that  this  one,  the  Pt.  zitteli 
of  the  western  Alps,  is  from  the  Tunmian,  no  species  occurring  in  the 
higher  (Senonian  and  Danian)  stages  of  the  Cretaceous,  the  occur- 
rence of  one  or  two  species  of  IHychomya  in  the  upper  part  of  the 
Jurassic  is  only  that  which  it  would  l)e  reasonable  to  anticipate. 
This  genus  occurs  at  Cliillan,  Chile,  in  rocks  of  debatable  age,  and  it 
is  thought  by  Doctor  Steinmann  to  have  been  derived  there  })ossibly 
from  the  same  bed  that  yielded  his  Trufonia  transitorin^  from  which 
T.  vysehetzkU  is  scarcely  distinguishable.  The  T.  tranaitoria  occurs 
also  at  Caracoles,  Bolivia,  where,  on  the  basis  of  the  kind  of  rock 
attached  to  the  specimen,  Doctor  Steinmann  supposes  it  to  hail  from 
the  Lower  Cretaceous;  but  nearly  all  of  the  Mesozoic  fossils  that  he 
lists  from  Caracoles  he  considers  Jurassic. 

The  sections  Undulatm  and  CoHtato'^  to  which  several  of  the  Malone 
Trigonias  l^long,  are  exclusively  Jurassic,**  and,  if  we  except  Tri- 

•By  PIctet  and  Camplche  (Pal.  Sniaae;  Terr.  Cret.  de  St.  Croix,  p.  360.  1866)  and 
8tolIczka  (Pal.  Indica;  Cret.  Fauna  S.  Ind.,  vol.  .t.  p.  311.  1871),  the  section  IJndu- 
latw  Is  said  to  Include  some  Cretaceous  species,  but  by  later  authorities  It  is  cited  as 
exclusively  Jurassic.  Thus  It  occurs,  according  to  ZltteKs  Ilandbuch  (1881-1885)  "  Nur 
In  Jura;"  and  according  to  Steinmann  and  DOderleln's  Elemente  (1800),  *' Oberer  Ll&a — 
Oberer  Malm." 
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yiiiiiii  i/iv^trhta — represented  by  a  singlp  tioitiewimt  iiu pi-rftt^t 
mold — iioiip  of  Iht'  Miilnne  Trigoniiis  ngret-  jx^rfwtW  with  generic 
gectinns  hilhirtn  known  from  CretaceotiH  rocks,  exclusively."  Tlie 
genus  Trigunia  is  moreover  generally  coiisi(lere<]  one  of  the  liest  of 
tile  Lamellihrnnch  gpiicra  for  pnrposi^s  of  stratigraphic  diagnosis. 

But  it  is  to  tlie  ti [iinionites  that  we  must  ktuk  for  the  strongest 
evidence  of  geologic  age,  these  being  generally  regarded  as  the  most 
critietil  of  niolluscan  fossils  ys  guides  to  stratigrnphie  correlnti(t». 
—  And  here,  too.  the  evidence  is  clearly  coiiclusivts  of  Jurassic  age. 
TUoiigli  sevenil  of  the  genera  ai-e  i-ommon  Ui  the,Juras.sic  and  Cre- 
taeeons  systems,  all  of  the  known  European  aiialognes  in  species  and 
subgeueric  groups  «re  Jiiras-sic.  The  ammoiiitic  genus  of  most  fre- 
quent occurrence  in  the  Mulone  is  Perispb incles,  which  is  common 
t«  the  two  systems,  l)ut  is  almost  fX<luhive!y  Jurnssic.  Of  thf  3fili 
known  species  of  (his  genus*  only  four,  dcsiriUd  by  Neiiniayr  iind 
Uhlig  from  the  upjjer  Neix-omian  of  Saltzgitler/  Hi-e  Cn'tncenus; 
snd  lliesc  bi'long  (o  u  group  which  tlic  Perisphinctes  s})ecies  of  the 
Malono  formation'  do  not  at  all  approach.  On  the  contrary,  the 
sjieciea  of  I'erisphinctes  to  which  those  of  Malonc  show  the  closest 
sfBnities  are  those  of  the  Tithonian. 

It  shoidd  t>c  noted  that  while  some  of  the  niolluscan  fossils  other 
than  ummonites  seem  to  indicate  Kinnneridgian,  or  earlier  than 
Tithonian  «gi'.  this  is  more  or  less  offset  by  the  presence  of  the  ordi- 
narily Cretaceous  genus  Ptychomya, 

1.0<;Al.lTIt:S   OK    REI-ATtn)    KAUNAS. 

The  only  localities  which  present  rocks  known  to  correspond  more 
or  less  closely  with  those  of  the  Malone  formation  are  in  Mexico. 

In  the  descriptive  part  of  this  paper  it  is  noted  that  some  of  the 
fossils  of  the  Malone  formation  are  identical  with  some  of  those  of 
the  Alamitos  beds,  descrilx-d  by  Castillo  and  Agidlera  as  occurring 
at  the  Sierra  de  Catorce  in  San  Luis  Potosi,  and  that  others  agree 
with  species  descril)ed  by  Doctor  Felix  from  the  Cerro  de  Titania  in 
Oaxaca.  The  number  of  forms  at  present  known  to  be  common  to 
the  Malone  and  the  Alamitos  is  so  considerable  that  there  can  be  , 
little  doubt  that  these  two  names  repivsont  approximately  the  same 
horizon.  The  amnuuiitcs  of  the  Alamitos,  like  those  of  the  Malone, 
are  of  Titonian  aflinities. 

■  Doctor  Stnnton.  liowever.  pinces  Trignnla  pToncabra  in  the  Scnlu-ip,  nnd  questiona 
Rtietber  T.  calilcraat  be  not  refernble  to  ttint  gectloa  hIso  rntlier  tlmn  to  tbe  Undulatm. 

■  ta  the  IhhI;  of  hlH  recent  Moiio|;rnp1i  of  I 'erlspb Incles.  Slemlradzkl  treali  363  specie 
ot  thlR  fcemi*''  1°  Uh  supplement,  of  n  Inree  number  of  addltloDnl  nlleged  new  speciL-s 
rllpd  nit  ileu-rllHil  b.v  De  Itlns  nnd  Tornqiilst  In  189S.  he  Identifies  nU  but  three  with 
Bpecies  previoijslj'  known,  bo  thnt  the  numlier  of  speelea  recoBniieil  hy  Stemiradikl  In 
Ibe  eiirly  imrt  ot  isnn  «ns  :HHI, 

'ITeber  AmmoDlteti  au9  den  ini3Mldun!.-en  NorilcleutschlBDda :  l-aleontogrRpblca.  Bd. 
,YA'(7/,  1881. 
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The  number  of  fossils  known  from  the  Jurassic  of  the  Cerro  de 
Titania  is  small,  but  indicates,  so  far  as  it  goes,  a  position  high  in 
the  upper  Jurassic  si^ries,  as  shown  by  Doctor  Felix;  and  it  is  at 
least  worthy  of  note  that  of  the  few  lamellibranchs  known  froui 
these  rocks,  Exogyra  Huhpllcifera  and  Gvyphwa  rnexicana  occur 
also  at  Malone,  AsUirte  micro phy en  uiay  bo  the  same  as  .1.  hrexia^ola^ 
and  the  large  TrUjonm  Holoynreni^  known  only  from  the  cast,  may  yet 
prove  to  Ik»  identical  with  the  Malone  species,  T,  ryHchetzkii^  when  the 
details  of  its  shell  come  to  light. 

Besides  the  Malone  district,  the  Sierra  de  Catorce,  and  the  (^erro 
de  Titania,  several  other  localities  in  Mexico  have  yielded  fossils  of 
the  Malone  formation.  Thus  a  Perisphinctes,  supposed  to  be  related 
to  the  European  I\  halderu^^  is  aj^parently  common  to  the  Theta  and 
the  Alamitos  and  is  reported  from  Tutotepec  also,  in  the  State  of 
Puebla,  by  Castillo  and  Aguilera ;  and  by  the  same  writers  Peri- 
sphinrtes  mazapllen^iH  and  Haploceras  rnnzapiletms  are  recorded 
from  the  Alamitos  and  from  the  Sierra  de  Zuloaga,  in  Zacatecas. 

A  numl)er  of  Mexican  Jurassic  localities  l)esides  those  here  men- 
tioned are  given  in  xVguilera's  '' Sino2:)sis  de  Geologia  Mexicana;"" 
but  these  are  little  known,  and  at  some  of  them  the  rocks  belong,  at 
least  in  part,  to  the  lower  Jurassic.  It  is,  however,  interesting  to 
note  that  the  Jurassic  district  of  Malone  is  in  the  continuaticm  of  the 
belt  along  which  are  scattered  all  or  nearly  all  of  the  Jurassic  tracts 
show^n  on  the  geological  map  of  Mexico  of  1807  published  with  Nos. 
4-0  of  the  Boletin  del  Instituto  Geologico  de  Mexico. 

It  is  not  improbable  that  rocks  nearly  related  to  the  Malone  occur 
in  South  America.  As  shown  in  the  discussion  of  that  species, 
THgonia  rysc/ietskii  is  very  close  to  the  Andean  form,  T.  trmuHttona 
Steinmann,  a  species  whose*  precise  geological  position  has  hitherto 
l)een  doubtful,  but  which  the  evidence  from  the  Malone  district  tends 
to  show  probably  belongs  to  the  upi)er  Jurassic. 
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STRATIGRAPHIC  NOTES  ON  MALONE  MOUNTAIN 
AND  THE  SURROUNDING  REGION  NEAR  SIERRA 
BLANCA,  TEX. 

By  T.  W.  Stanton. 


GENERAL   REMARKS. 

It  has  been  deemed  *  advisable  to  supplement  Professor  Cragin's 
paleontological  paper  by  a  brief  account  of  the  general  geology  of 
the  region  in  wliieh  his  Jurassic  fauna  occurs.  The  data  here  pre- 
sented were  obtained  in  1897  and  1898  during  two  reconnaissance  trips 
undertaken  for  the  purpose  of  unraveling  the  obscure  Cretaceous 
section  of  the  Sierra  Blanca  region  and,  if  possible,  of  determining 
the  stratigraphic  relations  of  the  Malone  Jurassic  with  the  Cre- 
taceous, as  well  as  of  making  collections  from  all  of  the  fossiliferous 
horizons  of  the  region.  The  stratigraphy  of  the  Cretaceous  was 
determined  fairly  well,  several  fossiliferous  horizons  in  the  Jurassic 
of  Malone  Mountain  were  established,  and  interesting  collections  of 
fossils  were  obtained  from  both  the  Cretaceous  and  the  Jurassic,  but 
the  rocks  of  the  two  systems  were  not  found  associated  in  the  same 
continuous  section,  and  their  stratigraphic  relations  were  not  defi- 
nitely determined. 

In  1897  two  weeks  were  spent  at  Sierra  Blanca  station  examining 
the  outcrops  within  a  few  miles  of  that  station  and  one  excursion 
was  made  25  miles  southward,  to  the  Rio  Grande.  In  1898  a  month 
was  spent  in  the  region  working  w^ith  a  wagon  and  ^camj)  outfit,  but 
even  then  many  iK)ints  could  not  be  conveniently  reached  nor  thor- 
oughly studied  because,  on  account  of  the  scarcity  of  water  and  of 
roads,  camping  places  were  limited  in  numlx^r.  The  area  examined 
comprises  parts  of  the  Fort  Hancock,  Sierra  Blanca,  and  Eagle 
Mountain  quadrangles,  as  mapped  by  the  United  States  Geological 
Survey,  extending  from  the  Finlay  Mountains  on  the  north  to  the 
Rio  Grande  on  the  south  and  from  the  western  foothills  of  Malone 
and  Quitman  mountains  to  Devils  Ridge  and  Eagle  Mountain  on  the 

east. 
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Tlip  rc^'ion  as  h  whole  i«  cliHructcri7A><l  by  rugged  hills.  ridtjeH,  and 
inoiiiitiiiii  masses  rising  abruptly  from  bnmd  vallvy  plains  which  ar.> 
filled  Ui  an  iiiikiiown  ilvpth  with  coarMe  Tertiary  (?)  degiosit.s  that 
obscure  the  structure  of  the  older  rocks  Iieneath  them.  The  general 
strike  of  tlit-  uplifted  strata  is  iinrthweHt  and  almost  all  the  smaller 
hills  and  ridges  an-  inonuclinal.  with  beds  genoi-ally  dipj>ing  south- 
west. In  describing  the  Cretaceous  ileposit.s  of  this  n-gion  in  18Pt. 
Mr.  ,1.  A.  Tuff"  thought  that  tlie  l«>ds  exjjowd  north  of  the  Siorra 
nianca  station  are  the  oI.I.M  and  that  successively  nower  iMnis  are 
found  to  the  southwest  escepl  ihal  lliere  is  sohk-  n-petition  by  fault- 
ing. This  opinion  was  based  on  the  gt-neral  jwisture  and  geographic 
relations  of  the  lieds  and  on  the  lithulogie  similarity  of  certain  con- 
glomerates and  limestones  in  the  .Tnrassic  and  the  CrctaceonK.  The 
charai-liTislicsof  Ihe  faunas  involved  were  then  praclirally  unlinown. 
it  will  1h'  shown,  however,  Ihal  the  ival  suctrcssiou  of  strata  is  verv' 
iliffcrcul  fii)m  that  given  in  Mr,  Tatf's  pnhlished  fiwlion.  the  oldest 
Mesozoir  rot-ks  being  found  in  Mulunv  Mountain.  Mr.  TatT  briefly 
ttiscu&sed  the  folding  and  faulting  that  is  cnnimon  tlironghout  the 
l-ogion  and  Hint  is  doubtless  often  present  under  the  di^bris  of  tliv  val- 
leys as  well  as  in  the  mnnntain  masse.';.  It  would  n-quire  much  more 
time  and  study  than  has  yet  been  given  to  this  »n'ii  to  work  out  all 
its  details  of  structure,  whicJi  is  further  complicated  by  many  intril- 
si^-e  masses  of  igneous  rock  in  all  the  larger  uplift.s  except  Malom- 
Mountain. 

MALONE    MOUNTAIN    AND   THE   .TLTRASSIC. 

The  strata  bearing  the  Jurassic  fauna  described  by  Profestwr  Cra- 
giii  have  lieen  found  only  in  Malone  Mountain  and  the  adjacent 
\'alleys.  The  JVInlone  Mountain  uplift  extends  from  the  Southern 
Pacific  Railway  near  Finlay  station  about  5  miles  in  a  southeasterly 
direction  and  ends  abruptly  a  few  hundred  yards  from  the  north- 
westerly extremity  of  the  Quitman  Mountains.  Malone  stntion, 
which  is  13  miles  by  rail  from  Sierra  Blancn  station,  is  at  its  eastern 
base  a  little  north  of  the  middle.  From  this  direction  the  mountain 
looks  like  a  simple  unbroken  ridge,  but  on  the  southwent  side  it  is 
deeply  dis,sected  by  both  transverse  and  longitudinal  valleys. 

Tile  general  structun'  seems  to  consist  of  a  synclinc  along  or  east 
of  the  crest  of  the  principal  ridge,  with  an  anticline  in  the  valley  and 
sulxirdiuato.  ridges  of  the  west  slope.  There  are  also  several  minor 
folds,  often  beautifully  shown,  and  doiditless  some  faidting.  Toward 
the  southern  end  of  the  mountain  a  small  anticline  is  developed  on 
the  eastern  slo|je.  Mr.  Taff  has  published- a  figure  of  the  Malone 
Mountain  section  ''  showing  these  general  structural  features.     He  has 

"Second  Ann.  Kept.  Ueol.  Suripy  Teias.  pp.  7I4-7S8.      '  lileni,  PI.  XXVII. 
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also  described  <*  the  succession  of  strata  in  the  middle  section  of  the 
mountain,  which  agree  in  the  main  with  my  observations,  though 
both  structure  and  exposures  vary  greatly  in  different  parts  of  the 
uplift. 

The  most  complete  section  that  I  observed,  in  which  the  thicknesses 
were  estimated  with  some  care,  extends  across  the  mountain  from  a 
|3<>int  on  the  east  side  about  one-half  mile  south  of  Malone  station. 
The  eastern  face  of  the  mountain  shows  an  apparent  thicknass  of 
about  1,200  feet  of  blue  and  gray  limestones,  with  a  few  inter- 
calated beds  and  bands  of  conglomerate  and  sandstone,  the  beds  all 
dipping  strongly  westward  with  increasing  dips  until  they  become 
vertical  on  the  crest.  On  the  west  slope  there  is  a  suc(*ession  of  lime- 
stones, conglomerates,  and  gypsum  beds,  nearly  vertical  and  not  well 
exposed,  and  farther  down  these  are  aj^parently  repeated  with  a 
westerly  dip,  overlain  by  conglomerates,  limestones,  etc.,  fairly  well 
exposed  and  not  much  disturlwd  in  the  low'er  ridges  to  the  west. 
The  gypsum  l>eds  and  the  limestones  immediately  associated  with 
them  appear  to  be  the  oldest  ro(;ks  exposed.  The  following  section 
l)egins  with  what  was  supposed  to  be  the  lowest  gyi)sum  bed,  but  on 
account  of  comjjlex  structure  and  obscure  exposures  the  succession 
and  thickness  of  the  first  five  memlMjrs  are  somewhat  uncertain. 

Section  of  Jurassic  beds  on  west  sitje  of  Malone  Mountain,  near  Malone  station 

{Section  I  of  map). 

Feet. 

1.  (iypsiim,  not  weU  exposed,  nt)out 100 

2.  Calcareous  conglomerate,  almost  vertical 45 

.3.  Mostly  covereil;  limestone  below,  gypsum  above  (dip  variable,  west- 
ward). al>out 200 

4.  Alteretl  and  fissureil  limestone 12.5 

.5.  Oypsum,  not  well  exi)oseiU 100 

it.  SilietH)-c*ak'are<nis   shale 40 

7.  Limestone 20 

5.  Covereil   (shaleV)    KK> 

0.  Blue  limestone,  with  traces  of  fossils 2 

10.  Covered   15 

11.  Arenaceous   limestone 1 

12.  CovenMl    10 

1.'5.  Hlue  limestone,  with  the  Malone  fauna 2 

14.  Coverwl 10 

1.5.  Limestone.    1 

IC.  CovertHl 8 

17.  Thin-lHNlded   limestone  and  shales 20 

18.  (/aleareous  conglomerate   15 

19.  Limestone  with  IMeuromya  and  Gryphiea ^ 15 

20.  Covered 10 

21.  CaleariH)us  conglomerate  15 

•  Idem,  pp.  722-723. 
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Viv\ 

£2.  Limestone  wltli  rriigtneiitary  fo8«lls  | Auiiu(init(«,  vU;).-. 10 

23.  Cslcoreotis  i-uuKloiii(^riit(^ . 15 

24.  Covered    _.  WW 

IS.  I.lnn-Blinie  wltli  Gryphffu.  Pinna.  Trigonla.  v{c „ IS 

'Jit.  Covered  In  tuluB  nlope 100 

'27.  Thlti-lHHliled  brown  atiudstoue  wilb  bntida  of  muKlotuemte  iiiid  oon- 
t'llultiK  a  tiiURll  Oitreii.  Ni^rliicn.  and  a  tvw  otber  fuiSBUs.  iiuurfy 

lircwcrvpd    25 

liR  MflttNlve,  grtij',  caliwreons  tmnilntnue 10 

21).  Gniy  llnipstone  fonnlnK  n  i>nimln«it  ridge ±2&0 

!W.  Rrown  miiKliiLuernte,  mniptMed  inoMtly  vt  quttt-txf te  aiid  i-li«rt  (iriibleH-  40 

yt.  Bliif    Itmraluiif -  IW) 

Tills  is  unt.'oniforniubly  ovi'riain  by  the  unconsolidated  Tertiary  or 
Pleifllorene  conjicliniierntps  of  the  plnins  on  the  west. 

Tlie  iimin  I'i'lfrt-  of  Muhmr  Moinilain  on  th(>  Hue  of  this:  section 
Hjeiiis  Id  Ik-  iiiHilf  ii|)  cif  Nils.  'J!>,  Jit),  nnil  .'51,  with  ]M-rhaps  some  higher 
I>eds,  all  it'iM'iileii  by  the  synclinal  folii. 

Nos.  1:1  unci  2ri  cuoh  yiehh'ii  fos«ils.  some  of  wliieh  are  spedHcHlly 
idttntioil  nitli  forms  oepiirring  nt  I'rofessor  Ci-agin's  princiiml 
loeiiiily  for  the  Muloiie  iFiirassie  fituiiu,  und  the  fossils  mentioiKul 
iif  other  bands  (Nc«.  fl,  10,  22,  and  27)  evidently  l>eloiig  to  the  same 
fuuriH. 

Some  hands  in  the  limestone  No.  39  yieldeil  a  few  foesik  that 
seem  to  U-  fresli-wiiter  forms — small.  sim|)]i'  jrjistei'njKiils,  ix'seniblinjr 
Vivipariis.     Similar  forms  were  seen  in  No.  31  also. 

Near  the  south  end  of  Mnlone  Mountain  the  same  horizon  in 
So.  29  yielded  some  small  bivalves  with  the  external  features  of  Unio 
a&sociated  with  the  gasteroptxls.  Conglomerate  No.  30  of  the  section, 
however,  contains  marine  fos.sils,  including  Ammonites,  Exogyra, 
and  several  other  genera.  These  wei*  not  found  on  the  line  of  the 
section  above  described,  but  the  e<mgloiiierate  is  a  primiinent,  easily 
recognized  horiziin  exposed  at  many  points  along  the  entiiv  length  of 
the  monntuin,  and  the  fossils,  usually  in  the  form  of  imprints  and 
fragments,  wei'e  set-n  at  several  places  both  north  and  south  of  the  sec- 
tion, especially  toward  the  southern  end  of  the  mountain.  In  the 
western  f(Kithills  of  the  mountain,  1  to  2  miles  north  of  the  southern 
end,  there  are  exiK)sui"es  of  a  conglomerate  believed  to  l)e  the  same  as 
No.  30,  and  in  the  uppermost  bands  of  the  liineslone  immediately 
beiientli  it  collections  were  obtained  eontaining  Kxogj-ra.  Pinna, 
Pecten,  Pleiiixmiya,  Perisphinctes,  etc.,  which  Pi-ofessor  Cragin  has 
assigned  to  the  Malone  fauna  (see  p.  li>). 

At  the  end  of  the  northwest  spur  of  Malone  Mountain,  at  the  point 
where  it  approiiches  the  railroad,  thei'e  are  large  exposures  of  gypsum 
tliat  almost  certainly  belong  to  the  g^'psiferous  horizons  in  the  sec- 
tion just  described,  though  they  are  separated  from  them  by  struc- 
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tural  breaks."  In  the  following  section  the  estimated  thicknesses  of 
the  gypsum  and  tlie  l>eds  overlying  are  not  closely  accurate,  because 
the  exposures  are  very  incomplete  and  the  dips  are  variable  and  not 
easily  determined. 

Section  near  northwest  end  of  M alone  Mountain  about  2  miles  southeast  of 

Finlay  station  {Section  11  of  map). 

Feet. 

1.  Gypsum UK)  or  more. 

2,  Mostly  eoveretl  about 20() 

i^.  Limestones   with  oonglonierate   layers  alternating  with   softer 

sbaly    bauds.     Several    fossiliferons    horizons    with    Malone 

fauna   (see  lists,  p.  18) 75 

4.  Limestones  passing  into  calcareous  conglomerate 15 

5.  Limestone  with  a  few  Malone  fossils 15 

G.  Calcareous    conglomerate 6 

7.  Covered   (shales  and  limf^tone) 20 

8.  Calcareous    conglomerate 10 

0.  Blue    limestone   dipiiing   20**    SW.,   with   eehinoids    and    large 

Nerinea  stH»n  in  stH'tion  on  weathered  surface ♦> 

10.  Blue  limestone  and  shale  passing  under  the  plain 200 

There  can  l>e  little  doubt  that  the  fossiliferons  beds  in  this  section 
are  on  verv  nearly  the  same  horizons  as  those  in  the  section  west  of 
Malone  station. 

The  most  prolific  locality  for  Malone  Jurassic  fossils,  and  the  only 
one  not  directly  connected  with  the  mountain  itself,  is  in  the  low 
hills  in  the  valley  about  IJ  miles  east  of  Malone  station.  The 
exposures  are  comparatively  small  and  the  dips  variable,  so  that  the 
stratigraphic  details  either  as  to  thickness  or  succession  can  not  lx> 
determined  with  certainty.  Professor  Cragin  gives  his  observations 
on  this  locality  fully  in  another  place  (pp.  13-17). 

It  is  not  jmssible  to  make  a  definite  correlation  of  the  fossiliferons 
beds  here  with  any  single  horizon  in  the  Malone  Mountain  sections, 
but  it  is  most  probable  that  they  belong  not  more  than  300  feet 
above  the  main  gy2)sum  l)e(ls. 

At  this  point  the  Malone  Jurassic  beds  are  closer  to  fossiliferons 
Cretaceous  beds  of  determined  horizon  than  at  any  other  place 
observed  in  the  region.  About  3  miles  to  the  east,  near  the  south- 
west base  of  Sierra  Blanca,  there  are  exposures  of  Washita  beds  with 
Nodosima  teaunui  and  Onjphwa  mueroiiata  (?),  and  the  same  hori- 
zon occurs  a  little  farther  away  ahmg  the  railroad  l>etween  Etholen 
Hills  and  Quitman  Mountains. 

Mr.  Taff  correlated  portions  of  the  Malone  Mountain  section  with 
exposures  in  the  conical  hills  near  Etholen  about  5  miles  west  of 

"  Mr.  Taff  nssigned  these  jjypsum  exposures,  as  well  as  those  at  the  southeast  end  of  the 
roountalD,  to  a  higher  horizon  (see  pp.  725  and  736  of  his  report),  but  they  all  have  the 
same  relations  to  the  fossiliferous  horizon  bearVng  the  \La\oiie  taiMii^. 
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Sierra  Blaiica  Ktution.  uiirl  in  Bluff  and  Yucca  inosas  ni^iir  Ihe  suuie 
station,  but  T  wan  iinaltlc.  to  cniitirrn  tlic^  con'^lutions.  Thi^  hirata 
in  the  "  Etholpn  KnobH"  may  possibly  belong  here,  but  the  wtlier 
localities  ahiio»t  certuinlv  show-  onlv  Crotiice«u»  beds. 


THE    CHETACKIIl.'K. 


i^^ 


CrutactoUR  rocks  have  a  great  fiovelopniont  in  this  region 
represent  the  thrw  niuin  divisions  of  the  t'^Hnanche  series — the 
Trinity.  Fredericksburg,  and  Washita— an  well  as  a  part  of  the 
Uppei'  CivtHceous.  Lilhoiogically  tlio  si-itiun  differs  greatly  from 
tliiit  of  Central  Texas,  whert-  the  ('inniinebe  series  has  l»pen  most 
sluilied.  and  there  are  also  considerable  diircrences  in  the  verticJil 
range  of  some  of  the  eonnnon  siK-eies,  so  that  it  is  impracticable  to 
recogiuze  many  uf  the  minor  fornmtiotis  and  horizons  that  have 
been  studied.  Tli<^  gfui'ral  faunni  sut^et^ssion  i^  the  Kame  in  both 
ions,  and  it  is  usually  n«t  difficult  to  classify  the  beds  by  means 
•^  the  fossils  as  Trinity,  Frederiekshurg.  or  Washita,  though  it  was 
"BifRcult  and  Bometimes  impossible  to  assign  each  ex|)osure  to  Us 
^4[Xuct  position  in  the  gentTal  ^wclion,  Ixvausc  many  of  them  are  reU- 
;OveIy  small  and  isolated,  and  the  structure  is  complicated  by  foIcK 
faults,  and  igneous  intrusions.  Tho  most  euinplete  sections  arc  to 
be  found  in  the  Quitman  Mountains,  especially  toward  the  southern 
end  and  in  the  lower  hills  farther  south  nn  the  Rio  Grande,  in  the 
southern  extension  of  the  same  line  of  uplift. 

Quitman  Moiuitainfi. — This  rangi^  Ix'gins  at  a  |x»int  on  the  railroad 
8  miles  west  of  Sierra  Illanca  station  and  extends  in  a  southeasterly 
direction  about  25  miles,  the  uplifted  be(\s  continuing  as  low  ridges  in 
tho  same  direction  and  crossing  the  Rio  Grande  (>  or  7  miles  Iwyond 
the  end  of  the  main  range.  At  its  northern  end  it  is  comjx)sed  mainly 
of  igneous  rocks — granites  and  porphyries — with  Cretaceous  beds  in 
the  adjacent  foothills  on  the  north  and  east,  but  south  of  Quitman 
Canyon,  a  drainage  channel  that  cuts  straight  across  the  range  about 
10  miles  south  of  its  northern  end,  the  mountain  mass  is  comi>oscd  of 
Cretaceous  sediments,  with  only  occasional  igneous  intrusions.  The 
axis  of  tho  range  is  for  a  numlier  of  miles  ahiiost  parallel  with  the  Rio 
Grande,  which  flows  attout  tl  miles  to  the  southwest,  while  on  the  other 
.side  is  the  flat  valley  of  Quitman  Arroyo,  4  to  10  miles  wiile,  separa- 
ting the  Quitman  Mountains  from  Devils  Ridge  and  Eagle  Mountains. 
Sections  taken  at  ditferent  points  across  this  range  vary  greatly  in 
extent.  The  one  published  by  Tatf  in  the  rejiort  cited  was  taken 
near  Quitman  Canyon  (Section  III  of  map),  and  shows  the  strata 
with  variable  steep  dips  mostly  to  the  west,  but  sometimes  reversed. 
Near  the  eastern  en<l  of  the  section  is  a  heavy  l>ed  of  limestone,  form- 
ing part  of  Taff's  "Bluff  bed,"  filled  with  Orbitolina  texana  and  a 
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few  other  forms,  followed  by  a  band  of  hard  limestone  containing 
numerous  si)ecimens  of  Requienia.  Then  comes  the  ''  Quitman  bed," 
composed  of  sandstones,  clays,  and  thin  beds  of  limestone,  w^ith  a 
thickness  of  330  feet,  succeeded  on  the  w^est  by  a  great  series  of  sand- 
stones and  siliceous  limestones,  the  "  Mountain  IhmI,"  with  an  ap- 
parent thickness  of  about  4,000  feet.  The  western  end  of  the  section 
was  thought  to  lx>  the  top,  and  the  entire  section  was  referred  to  thi 
Washita  division  of  the  Comanche  series.  My  studies  of  more  com- 
plete sections  farther  south  in  the  same  range,  especially  the  one  near 
the  Rio  Grande,  led  to  the  conclusion  that  the  IhhIs  at  Quitman  Can- 
yon and  for  a  long  distance  southward  are  mostly  overturned,  and 
that  the  oldest  rocks  are  on  the  west  side  of  the  mountains. 

The  Mountain  bed,  consisting  mostly  of  coarse,  varicolored  sand- 
stones, forms  the  western  portion  of  the  mountain  all  the  way  to  the 
Rio  Grande  at  Hot  Springs,  where  it  dips  to  the  east  instead  of  to  the 
west.  Its  apparent  great  thickness  may  be  due  in  j)art  to  folding  and 
faulting.  It  has  yielded  only  imperfectly  preserved  Ostrea  and  a  few 
other  forms  that  are  insufficient  for  its  correlation  with  established 
formations. 

The  Quitman  bed  has  a  similar  distributicm  along  the  higher  (west- 
ern) slope  of  Quitman  Mountain.  Its  fauna  shows  a  different  facies 
from  any  assemblage  in  the  Central  Texan  section,  includiugA'a?o<7yra 
quitmanensiM^7'rif/(fnia  taffri^  Triyonia  stoUeyi  (f)  j  liemoiidia^  and  a 
considerable  numlH»r  of  forms  that  will  lx».  descril>ed  in  a  monograph 
of  the  Comanche  fauna.  Although, some  of  the  species  show  rela- 
tionshij)  with  later  faunas  the  stratigraphic  and  2)aleontologic  evi- 
dence as  a  whole  is  thought  to  justify  its  assignment  to  the  Trinity 
division.  The  lK»st  localities  found  for  collecting  this  fauna  are  on 
Quitman  Mountain  about  1  mile  south  of  Quitman  (Canyon,  and  on 
the  trail  from  Quitman  Arroyo  to  Hot  Springs,  about  3j  miles  from 
the  springs. 

The  Orbitolina  limestone  for  many  miles  forms  the  crest  of  the 
Quitman  Mountains,  with  a  bold  escarpment  on  the  east  and  a  steep 
slope  corresponding  with  the  dip  on  the  west.  Its  characteristic 
foraminifera,  OrhitoUnn  trxana  (Roemer),  occurs  only  in  the  Glen 
Rose  IxmIs  of  th(»  Trinity  division  in  Central  Texas.  Another  species 
of  the  same  horizon,  that  occurs  with  it  in  the  Quitnuin  Mountains  is 
the  large  Natlai  prayravdw  Rcx^mer,  which  is  usually  treated  as  a 
synonym  of  X.  pedernalis.  The  Orbitolina  limestone  has  here  a 
thickness  of  at  least  250  feet,  and  farther  south  on  the  Rio  Grande  it 
appears  to  be  still  thickc^r,  and  the  Orbitolina  again  appears  in  a 
thinner  limestone  about  300  feet  higher. 

On  the  eastern  slope  of  the  mountain  1  to  2  miles  south  of  Quitman 
Canyon  there  are  exposures  of  several  hundred  feet  of  limestones^ 
clays,  and  Hamlstone^  dipping  toward  t\\e  h\ov\\\V«l\\\  M\\<i  ^^^^^^nx^x^SN^ 
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iiiulorlyiiig  llii-  Orbitoliiia  litiii^ijtono  (Si'ction  IV  of  niiiji).  Tlie  sue- 
>^'C«\SHion  from  (hu  OrbiloHua  litucMoiiL^  cnstwiinl  down  (lie  tnoiititiiiii 
[is  asfolluwij: 

Vect. 
.  I.  AlteruntlnK  Itiln  lml»  nr  iiiiniliXniw  (inil  eln;,  With  iKt'itnlouol  bmidii  ot 

llmeBtonP;  Ej^iffpra  li-raua  neuv  tlw  middle 200 

'a.  AlttirimtloDH  of  liiiiewtniip  nii<l  rovpred  Hpni^H-^ 200 

S.  SilndHtoiie i- ; « 

'4.  L'oviippri " , , 15 

[JV,  Saiiilrtdm'  witli  Actirtjnella  ilaliam 15 

a.  ArgllliKvoitH  llmoxtonm,  oinys,  Hud  hoiuo  Hrennceous  biuidi!i,  with  nccn- 

nloiml  liiyi'ln  itiutulutOB  Erogura  Icrana 300 

*"•  MiiiPHliHip  In  Bpvcnil  niusslvelioilH  liitiTKtratlflwl  with  more  or  Ihbh  ur- 
KtlluiiiiuM  uodulnr  U^U:  xome  of  tbo  hurder  bnudu  full  of  Cuprhia 

iirriilCHlati'    Cutinul 7fi 

Fnrtlior  t'lisf  some  of  llicsn  Ix-ds  iiif  repeatod,  ili])piiifr  (■iislwnnl. 
It  is  (>vi(i(!iit  tliat  tlipsp  beds  nro  in  part  the  lhiui  vale  ill  nf  tliosf  dc- 
bcrilwd  by  Taff  as  o<.'t;urriiif;  in  Flat  Mesa,  4  iiiiii's  imrlh  (if  Sicrni 

'  BIniK%,  and  that  they  should  be  includt-d  in  the  Kn'tli'iicltsbiii-g 

'  division. 

,  About  10  niilivs  south  of  Qtiitnmn  Canyon  mid  loss  tlmii  'J.  inilcM 
Boiith  of  llip  iiorthpni  boundary  of  ihp  Eagic  Mountain  ijuadranglc 
Uic  I'Uft  furi'  of  thft  mountain  shows  a  siniihir  wrction,  «nd  at  Us  bin* 

tihei'R  are  muall  exiHXiures  of  WmOiita  bedti  with  Hchlainfuickm  Pea- 
pffthii  «ii(]  R  fpw  other  forms,  dipping  toward  thi'  mountain  and 
thus  giving  additional  evidence  of  overtnniing  and  faulting. 

T/ie  Itio  (rrandi!  ^cc^/ow.— Still  farther  south,  near  the  Bio  Cirande, 
the  npiwr  part  of  the  section  is  much  nioi-e  complete,  and  more  simple, 
furnishing  the  key  to  the  sections  already  discussed,  which  are  par- 
allel with  it  across  the  same  line  of  uplift.  The  eastern  end  of  the 
section  is  about  1  mile  north  of  the  Rio  (Jrande  in  the  first  hills  west 
of  the  board  valley  of  Quitman  Arroyo.  Here  the  beds  arc  sharply 
folded  and  a  prominent  ridge  shows  an  anticline  consisting  of  argil- 
laceous limestone  belonging  to  the  Washita  division. 

The  western  limb  of  the  anticline  dips  70°  to  80°  west,  and  the  ex- 
posnre  is  as  follows : 

KcctUm  in  hills  juit  wcxt  of  Quitman  Afroffo.  almiit  1  milr  ti'irth  of  the  itio 
Oranilf  (.Vccfiiin  V  of  7iiiip). 

Feet. 
1.  ArKlUflceouK  liiiicstonn,  weiilliprlng  In  noiluliir  foriii,  with  Imnda  of 

linrdor  Hlnextutlo _..       200 

'2.  More  iimHwivo  liiiie«toiiP,  iiioi'h  senrneU  imil  (Ijnnireil 30 

.^.  Dark,  fissile  tilmle.  witb  otfiiKioiiiiI  liiiiiils  of  Impure  Intiwn  llnieHtoiic. 
iiiiderljIiiK  II  viilley  about  I  mile  wide.  l»lps  at  first  Ktee[i  to  tl»e 
west.  iMH-oiiiiiiK  viirlafile  nnd  iiuii-fi  Ipsn  toward  the  middle  of  the 
viille.v  and  ii);iiiii  steei>  to  the  west  on  tile  west  wide  of  the  valley. 
htiirrniniun  laliiatim  luul  ji  few  otlKT  T'|i|)pr  CretiiceiiHH  fossiils  were 
fonnd  \vi>Mt  of  the  middle  of  the  valley;  thU-kuess  iiiijiiirently  aev- 
eniJ  thoutanii  feet 
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Feet. 

4.  MasHlve  limestone,  probably  same  a«  No.  2 30 

5.  Argillac*eous  limestone  witb  some  bands  of  clay  and  samdstone;    fos- 

sils :  So(hti<aria  tcjrana,  EnaUaaicr  texatius,  'Seithea  icxana,  tlxn- 
yyra  ariethia,  E.  drakci  var.,  Plicatula  inamgrua,  and  other  Wash- 
ita forms 300 

6.  Heavy-bedded  limestone  (40  feet)  forming  a  cliff,  followed  by  argil- 

laceous nodular  limestone  (30  feet),  which  yielded  Enallaster  iej'- 
atiu-s,  Grpphfra  cornif/ata,  Lima  iravqenHis,  Seithea  tcxana,  and 
Schlccnhachia    venpertiiia 70 

7.  Similar  limestones  with  dip  not  less  than  45°  westward 300 

8.  More  argillaceous  light-gray  limestone,  interstra tilled  with  dark  clay 

shales;  one  of  the  limestone  bands  yielded  Epiaster  whitei,  Tcre- 
braiula  {Kinyena)  iraeoenniH,  Gruphwa  tcashitaettsia  (V),  Ptieatula 
ineongrua,  and  Schlncnbaehia  vesperiina,  and  another  band  farther 
west  yiehlcHl  Epiaster  whitei,  Schlf£fihaehia  acutocarinata,  S.  Herra- 

tescenH,  and  Hamiteft  frctnonti 3(X) 

0.  Dark  chiys  with  brownish  calcareous  bands;    Exogyra  tcxana  abun- 
dant   - 50 

10.  Covereil 100 

11.  Limestone,  very  heavy-bedded  above,  with  Increasing  bands  of  argil- 

laceous limestone  below ;  Requlenia  and  a  small  conical  Foraml- 
nifera  abundant;   Exogyra  texana  also  occurs 300 

12.  Shales,  limestoni^s,  and  bands  of  brown  sandstone,  not  well  exi)ose(U_      250 

13.  Argillaceous  limestone,  with  some  harder  bands  containing  "  Caprlna  " 

and   Requenia 75 

14.  Generally  more  massive  limestone  with  some  bands  of  brown  sand- 

stone.    Also  contains  "  Caprina,"  Ostrea,  etc 350  " 

15.  Quartzith?  sandstone  with  thinner  bands  of  clay  shale  and  impure 

limestone,  dipi)ing  steeply  westward. 400 

Hi.  Hard,  blue  limestone,  full  of  Orhitolina  texana 00 

17.  Sandstone  and  impure  limestone  with  some  clay ^ 40 

18. 'Sandstones  and  clays 250 

10.  Thin-bedded  passing  into  massive  limestone,  full  of  Orhitolina  terana; 

at  least 300 

The  steep  western  surface  of  No.  19  forms  the  eastern  wall  of  the 
canyon  of  the  Rio  (Jrande  at  this  point. 

So  far  there  lias  l)een  no  apparent  serious  break  in  the  section,  but 
the  lx*ds  now  become  complexly  faulted  and  folded.  A  short  dis- 
tance north  No.  IJ)  is  cut  off  bv  a  fault,  and  on  the  west,  across  the 
river,  the  same  bed  s(»ems  to  be  repeated  in  several  j^ostures. 

It  is  evident  that  tlie  eastern  portion  of  the  section  crosses  a  syn- 
cline,  so  that  in  passing  from  No.  1  to  No.  5  the  same  l)eds  are  all 
crossed  twice.  In  the  rest  of  the  section,  while  there  may  be  some 
repetition  of  beds  due  to  small  faults,  there  are  no  anticlines  nor 
synclines,  and  the  fossils  show  that  in  general  the  beds  are  suc- 
cessively older  toward  the  west.  No.  3  is  Upper  Cretaceous,  of  the 
age  of  the  Fort  Benton ;  Nos.  4  to  8  are  Washita ;  Nos.  9  to  14,  and 
probably  15,  are  Fredericksburg;  and  Nos.  16  to  19  belong  to  the 
Trinity.     As  the  dips  are  all  steep  to  the  west  it  follow 'SjVVvaX.  ^J^.*v5w^ 
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licds  from  No.  4  to  No.  19,  infliiHivf,  iirc  im-rLiiriitHl.  It  will  U'  swu 
tilso  lliHt  liie  siiowiision  of  rocks  and  fossils  is  siniiUr  to  that  found 
on  the  cast  slope  of  the  mountains  nenr  Quitman  Ciiti.voii.  and  thnt 
thore  is  no  place  for  thp  great  tmnd^tone  weries  nf  the  "  Mountain 
Iiod  "  within  the  Wasliita  division.  It  must  Ix-  older  tlian  lliii  Orbi- 
tolina  limestone* 

Enyh  Mouhtnins. — These  mountains,  which  lie  10  miles  cHMt  of  the 
southern  end  of  Quitman  Mountain,  are  com{x>Hed  mostly  of  i^ieous 
rocks,  but  sediments  are  e.\p<is(Ml  on  their  Aanks.  My  exuniinations 
were  along  only  the  western  ba.si>,  where  there  are  some  exjxtoiiPes  of 
Frodericksburg  linwistoue  and  shaUw  and  apparently  some  Trinity 
limestone^:.  Mr.  TatT  reiairts  Upper  Cretaceous  and  the  Orbitolina 
limestone  on  the  other  side  of  the  mountains,  and  foMsils  in  the  col- 
lection of  Prof.  W.  E*".  Cummins,  at  I>u)las,  indicate  the  pi-esenw  of 
up[K-r  Wasliita  l>eds  "  1  mile  imrth  nf  gap  in  Eagle  Mountains," 

Hivpra  fil<mia.~-'\'h\i^  gi-oup  of  conical  peaks,  al>ont  fi  miles  north- 
west of  the  railniatl  station  of  the  same  name,  is  also  compoiied  of 
igneous  ro»'ks  with  Civtaeeous  sediments  around  the  bast*.  On  the 
WHithwest  side  of  the  main  jwak  there  are  fossili fcnnis  exposures  of 
Fredericksburg  agft  uot»!worthy  for  containing  Exotfyrfi  tcj^omi  hikI 
Nmlomrin  iexana  m  the  same  l)ed.  The  same  association  is  found  in 
the  Fiulay  Mountains  also.  Beds  of  about  the  same  ago  witii  E.  U^-n- 
(iim  an<l  Ai-tirohi'lln  iluluim  w'cnr  in  Flat  Mesa,  almut  \  miles  east. 

In  the  saddle  between  the  main  peak  and  the  north  peak  of  Sierra 
Blanca  there  are  considerable  exposures  of  very  fossiliforous  Washita 
beds  with  many  characteristic  species. 

Finhnj  Mountainn. — -These  hills  begin  alx>ut  4  miles  nortli  of  the 
north  end  of  Malone  Mountain  and  6  miles  northwest  of  the  main  peak 
of  Sierra  Blanca  and  extend  several  miles  to  the  north  and  northwest. 
They  were  rather  hastily  examined  in  the  hoije  of  finding  an  exten- 
sion of  the  Malone  beds,  but  the  only  fossilifentus  beds  seen  l>elong  to 
the  Fredericksburg  division  of  the  Cretaceous,  including  the  horizon 
of  Actifonella  dolhim.  There  are  many  intrusive  masses  of  igneous 
rocks  and  at  one  locality  a  considerable  development  of  a  coarse  cal- 
careous conglomerate  whose  relations  were  not  definitely  determined, 
though  it  seemed  to  belong  to  the  Cretaceous. 

Othrr  loc.aUlieH. — Other  exposures  in  the  neighborhood  of  Sierra 
Blanca  station  were  examined,  especially  Bluff  Mesa  and  Devils  Uidge. 
without  very  definite  paleontological  results.  The  top  of  Bluff  Mesa. 
?■  miles  southwest  of  Sierra  Blanca,  is  com|»osed  of  Orbitolina  lime- 
stone, and  it  is  probable  that  the  underlying  Ijeds  Ijclong  within  the 
Trinity  division. 

The  Orbitolina  limestone,  the  Quitman  l>ed,  and  a  considerable 
thickness  of  Fredericksburg  beds  are  well  exposed  in  the  neighbor- 
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hood  of  the  abandoned  "A  L  Ranch  "  on  the  Rio  Grande  west  of 
Quitman  Mountains,  in  the  small  triangular  area  bounded  by  the 
river  and  the  Eagle  Mountain  and  Fort  Hancock  quadrangles.  The 
Fredericksburg  beds  are  especially  well  exposed  about  2  miles  down 
the  river  from  the  ranch,  in  the  small  canyon  locally  known  as  the 
*•  Cajoncito.''  The  next  prominent  ridge,  3  or  4  miles  to  the  east, 
shows  Washita  shales  and  limestones,  with  intervening  dark  shalas 
that  may  Ix^long  to  the  Upper  Cretaceous. 

These  details  of  the  stratigraphy  and  distribution  of  the  Cretaceous 
in  this  region  are  given  for  the  purpose  of  emphasizing  the  peculiar- 
ities and  the  isolation  of  the  Malone  beds. 

Bull.  206—05  M 3 
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ANTHOZOA. 

Sci-iiral  coriillu  of  tin-  massive  .-iliape  iiiul  ii  si;giricril  iiF  a  ilijjitifortii 
[  bl'ftiich,  which  ill  my  preliminary  manuscript  on  tlie  Mulnno  fauna  1 
had  described  as  two  species  of  Astrocwnia,  were  PVBiitunlly  sub- 
tnitU-d  to  Mr.  T.  Wayinnd  Vaughan,  who  is  engHged  in  a  specinl  study 
-of  the  Neozoic  corals,  for  more,  detailed  study  tlinn  I  eoidd  give  them. 
Of  these.  Mr.  Vaughan  has  very  kindly  fiiniished  the  following 
description ; 

tienns  AtSTKOCG-^NIA  M.  Edwards  ;ind  Hainic.  ■ 

Ahtkocienli  maloniana  f-\i.  n.  ^ 

PI.  II.  ftps.  iS. 

[      "  Professor  Cragin  has  submitted  to  nut  for  stiiily  and  desLTiptitm 

I  9  speciiiivus  of  an   Astrut'uuiia  eolIe«ti>d  by  him   IJ   miles  k»»1  of 

I  Mnlone,  Tex.     The  original  substanct?  of  the  skeleton  has  l>eon  tran.s- 

^ionnBd  in  th»  proceed  of  fossilizatiuii  into  a  bluish  liiiiubtone;   the 

skeletal  elements  uri'  now  represented  by  erystalline  ealcite  and  the 

interspaces  are   filled   by   the   same   mineral.     The   rtwult   of   these 

chemical  changes  is  to  make  a  study  of  the  thin  sections  of  tlie 

specimens  very  unsatisfactory.     No  minute  structural  features  could 

be  deciphered,  mid  very  often  even  the  grosser  ones  of  the  individual 

corallites  are  obliterated  or  can  be  discovennl  only  with  diflicnity. 

"Apparently  only  one  s|X'cics  is  represented  in  the  collection,  but 
there  is  a  central  or  tyi>c  form  around  which  the  other  specimens  can 
be  grouped.     The  tyjw  form  will  be  described  first. 

"The  corallum  is  a  gibbous  mass,  with  a  flat  base  having  a  rather 
large  surface;  the  upper  surface  is  rather  uniformly  rounded  or 
thrown  into  numerous  mammillae.  The  iritergradation  between  these 
two  types  of  upper  surface  can  be  seen  in  the  specimens  Ixtfore  me. 
Wien  the  mammillate  character  has  re'ached  its  maximum  develop- 
ment the  external  appeai'unco  of  the  corallum  is  identical  with  that 
of  the  common  recent  West  Indian  Poritcti  mtiroidcH  Jjamarck.  The 
dimensions  of  two  large  specimens,  both  of  which  possess  the  mam- 
millate up]x'r  surface,  are: 

(irentest  hreadtb 113  0(1 

!,i'nst  lirciHltli- -- 05  82 

Height —     52  50 
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•"  The  alK)ve  reprcsc»nts  the  type  form  of  the  corralluin.  Then*  is 
one  siK^cinien,  with  a  niainniillate  surface,  which  shows  no  phice  for 
attachment,  and  other  sj)ecimens  show  a  tendency  to  form  k)w 
cohunns. 

"  The  corallites  are  polygonal,  usually  hexagonal,  are  crowded 
together,  and  are  joined  by  their  directly  fused  walls.  The  wall 
between  adjoining  corallites  is  usually  thin,  but  in  some  instances  it 
may  be  rather  thick,  in  extreme  cases  almost  1  nun.  When  the  wall  is 
thin,  its  upper  edge  is  acute;  when  it  is  thick,  it  is  flattened  Ix^tween 
adjoining  calices.  The  depth  of  the  calicular  cavity  is  so  variable 
that  it  possesses  no  value  in  the  specific  diagnosis;  it  is  sometimes 
deep  and  sometimes  very  shallow  in  the  same  colony.  The  diame- 
ter of  the  calices  vary  in  the  same  cohmy  from  1.5  to  2.5  nun.  The 
minimum  diameter  for  a  calice  is  1  mm.  and  the  maximum  is  about  3 
nun.,  or  a  very  little  less.  The  number  of  septa  is  10  or  20.  There  are 
either  8  or  10  principal  septa,  with  smaller  ones  In^tween.  At  their 
margins  the  septa  are  usually  rather  thin,  but  deeper  down  in  the 
corallite  are  secondarily  thickened.  The  septa  are  thicker  periph- 
erallv  at  the  wall  and  are  also  thickened  around  the  columella.  The 
septa  of  adjoining  corallites  meet  end  to  end  or  alternate  with  each 
other.  In  transverse  sectiims  of  corallites  diss(»j)iments  are  very 
randy  presiMit.  No  further  information  can  l)e  given  concerning 
the  endotheca.  The  columella  is  snuill,  low,  weak,  and  styliform. 
Below  the  lM)ttom  of  the  calice  it  is  strengthened  by  having  the 
thickened  iimer  terminations  of  the  principal  septa  fuse  around  it. 
Gemnnition  takes  place  in  the  angle  Ixitwe^n  adjoining  corallites. 

''There  is  another  specimen  not  included  in  the  above.  It  is  an 
Astroc(pnia,  a[)parently  gi'owing  in  digitate  branches.  There  is  not 
enough  material  to  warrant  naming  and  describing  it." 

kchinoiderm:a^t^. 
echinoidea. 

HOLECTYPOIDA. 

(ienus  HOLECTYPUS  Desor. 

IIOLECTYrUS?    sp. 

An  echinoid  fragment  indicating  a  test  shaped  as  in  this  genus,  but 
with  the  details  too  poorly  preseived  to  allow  a  satisfactory  descrip- 
tion or  an  absolute  generic  identification,  was  obtained  by  Doctor 
Stanton  from  an  anticline  on  the  east  sloj:)e  of  Malone  Mountain, 
about  1  mile  north  of  the  southern  end. 
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SPATANGOIDA. 
Gwms  PYCiURUS  Agaswiz. 

PyQUHUS  Kp. 

/\jnnnf;:  the  jipecimeus  siibmitU>d  by  Dwior  Staiiloii  is  si  rragiiii'nt  of 
the  test  of  a  sca-iirchin  of  tlic  gi'inis  Pvpiiriiw.  It  Includi's  tiip  iiiniii 
part  of  thi'  »lxirul  half  of  uii  iiirjlnilacnim,  Tlip  genus  is  clearly 
-tlotemiined  by  thfi  form  of  Hie  amliiilacnini  and  the  fumi  and  arrangii- 
<  mf<nt  of  the  jKires.  as  well  an  by  the  character  of  the  tubercles  and  by 
the  discoidal  form  of  the  test,  the  latt<»r  form  lieing  indicated  by  the 
flatness  of  the  part  preserved.  The  iitiibtilacnuii  has  the  biconcave 
■outline  that  charaeterizes  the  upjwr  part  of  that  of  Pygunis.  The 
port^s  of  the  outer  row  are  very  long  and  slit-like,  widened  slightly 
toward  tho  outer  end.  and  subhorizontal  to  more  or  less  oblique ;  those 
of  the  inner  row  more  ringent.  compreswd  dot-like  or  hyphen-like, 
und  oblique,  tlieir  width  being  considerably  letM  and  their  length  con- 
siderably more  than  that  of  any  of  the  eircunitiib«reu!ar  courts  on  t\w 
ncighlmring  part  of  the  ambulacrum.  The  ambiilaeral  plates  are 
exceedingly  narrow;  the  imjjerforate  pari  of  each,  in  thi»  widest  part 
of  the  ambulacrum,  being  about  ten  times  as  long  (tTRiisveriw)  ait 
wide  (piirallel  to  the  course  of  the  unibulacriim)  and  oniamented 
with  1  to  3  small  perforated  tubercles,  each  of  which  is  set  in  a  round, 
depressed  court.  The  distribution  of  these  tubercles  is  irregular,  but 
they  are  so  few  and  so  feebly  developed  on  the  inner  ends  of  the 
plates  as  to  give  the  ambulacrum  the  a5j)ect  of  having  a  median  plain 
zone,  to  which  the  seams  between  the  plates  give  a  transversely  stri- 
ated appearance. 

Measurements.— Maximum  width  of  ambulacrum  16,  of  which  the 
two  pore  belts  each  occupy  3.5  and  the  imperforate  tract  9  mm.; 
length  and  width  of  imjwrforate  part  of  an  ambulacral  plate  in 
broadest  jjart  of  ambulacrum,  respectively,  4,5  and  0.43  mm.;  length 
of  outer  slit-like  [Mi-es  in  broadest  part  of  ambulacrum  2  mm.,  which 
is  about  oue-fonrth  of  the  width  of  a  semiambulacruin. 

0'Tnrrciii-e. — AVest  side  of  Maloiic  Mountain,  alwut  2  miles  south- 
west of  Malone  station,  in  No.  ^25  of  Dwtor  Stanton's  Malone  Moun- 
tain section;  with  Ori/phtea  mexicana,  Pleuromya  inconstana.  Pinna 
yuailrifr(yni<:,  etc. 
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VERMES. 
ANNELIDA. 

TUBICOLA. 

Genus  SERPULA  Linnaeus. 

Serpiti.a  gordialis  Schlotheim. 
PI.  II,  figs.  5-0. 

A  round-tubed,  nearly  smooth,  irregularly  constricted,  at  first 
spirally  coiled,  then  contorted  Serpula,  probably  the  same  as  that 
noted  by  Doctor  Felix  «  from  the  upper  Jurassic  rocks  of  the  Cerro 
de  Titania  in  the  State  of  Oaxaca,  Mexico,  and  referred  by  him  to 
Schlotheim's  S.  gordialw^  is  the  commonest  tubicolan  of  the  Malone 
fauna,  having  been  found  at  the  anticline  in  the  eastern  base  of 
Malone  Mountain  (in  both  Doctor  Stanton's  collections  and  mine), 
and  at  the  locality  1^  miles  east  of  Malone  station.  The  largest  tubes 
observed  measure  about  2.7  mm.  in  diameter,  1  to  2  mm.  being  a  more 
common  size. 

Serpula  sp. 
PI.  II.  fig.  4. 

Not  rare  at  the  locality  last  mentioned  is  a  large  Serpula,  appar- 
ently differing  from  S.  gordialiH  chiefly  in  size,  but  perhaps  also  hav- 
ing a  less  constantly  or  less  intricately  contorted  habit.  As  there 
found,  it  attains  a  diameter  of  at  least  8  mm. 

Serpui.a  sp. 

A  single  s|>ecimen  of  a  thin!  and  well-marked  species  of  Serpula 
was  obtained  from  the  same  locality,  but  was  lost  in  the  lalx)ratory 
when  it  had  received  only  preliminary  study.  The  following  are  its 
characters  so  far  as  thov  were  noted : 

Tube  considerably  smaller  than  an  average  one  of  Serpula  gordi- 
alis^ straight,  round,  and  at  least  in  part  terete,  its  exterior  orna- 
mented with  close,  uniform  or  nearly  uniform,  prominent,  filiform, 
encircling  costella*,  so  that  its  appearance  recalls  one  of  the  smaller 
of  the  wound  wires  in  the  lower  register  of  a  piano;  an  ornamenta- 
tion which  contrasts  strikingly  with  the  plain  to  feebly  and  irregularly 
constricted  exterior  of  the  tw^o  other  known  Serpulse  of  this  district. 

Beltrlige  Geol.  u.  Pal.  Mex.,  pt.  3,  p.  175.     PalaeontograpMca,  no\.  %1.    V^^\. 
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M  OLLtJSCO  IDEA. 
BRYOZOA. 
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I'l.  II.  lie  T. 

Coloiiips  iticnisiiiig.  soiiictimoM  cnnfliu'nliy  associated,  iinsymmelri- 
niUy  lltilK'lliftirin.  npp)iii-iiHy  withiuit  a  IhIU'-Mm:!  or  infiscd  Ixirik-i-; 
it^lU  minierons,  wv^'i'ttl  Inmiiiwl  in  ii  oniony,  tnlnilar,  iirising  as  if  wep- 
ai'utt>lyin(piiticiinx-ni<liiilor(|i.>r  from  tliesiiitiothor  liiii'iy  poroiis  uiein- 
liniiK'-likc  stoirk  which  separates  thcni  by  intervals  for  tliP  iiiosL  part 
aUmt  wpial  to  thi'mwilvt's,  tlu'  lowor  part  of  oadi  rell  \mng  fnilwdded 
and  siihhorissoiital,  thv  (iiilttr  part  risiufr  ohli<iui<Iy  and  bmxiiiiiiig  grail- 
nally  free  or  nearly  so,  lx>ing  wholly  free  at  the  very  extremity  only; 
fr«!  snrfaco  of  wIIh  |}lain  or  sil  most  only  finely  striate ;  oral  uxtremity 
fnntrnrteil,  the  n[>ertiire  siiiiill  iiiiil  r-niiiiil. 

Meajiurcmenis. — Breadth  of  «>loiiy.  12  mm.;  of  cell.  0.2  mm.;  of 
oral  aix'rture,  about  0.1  mm.;  greatest  e\pi>sed  length  of  cells  Ijetwecn 
twiee  and  tliricp  their  bivadtli. 

Of<-in-i'i-ni'<\ — The  type  siM'fimon  co\-prs  Ijctiveen  a  fourth  and  a 
third  of  one  of  the  larger  whorls  of  a  Xermeu  r/ooflelltt  and  parts  of 
the  two  whorls  preceding  and  following,  and  is  met  by  another  sim- 
ilarly radiating  enlonv  of  which  only  a  bonier  ]x»rtion  i.s  pn^served. 
the  line  of  contact  of  the  two  colonics  being  heaved  up  into  a  ridge. 
It  is  from  the  locality  \\  miles  east  of  Malone  station. 

In  the  partially  embedded  cells  and  in  the  resulting  apparent  stspa- 
ration  of  the  Uilipa  from  each  other  this  species  resembles  Bereniren 
viUruxtomu  Mieh.,  as  illnstraled  in  fig.  (;b  of  PI.  I  of  Henss's  "  Br)-- 
oziM'n,  Anthozo«>n  nnd  Spongiarien  des  Braiinen  Jnni  von  Balin  bei 
Krakiiu,"''  but  it  lacks  the  undnlatory  transvcrst!  furrows  of  that 
sjiecies  and  has  the  tul>es  less  strongly  inflated  and  proportioned  much 
ns  ill  the  B.  fiix'ru  Kenss.  The  last-named  species  is,  however,  very 
different  in  having  the  tnbniar  cells  visibly  in  f<mtact  instead  of  sep- 
arated by  a  conspicnons  basal  stratum  that  conceals  their  deeiK'r  and 
contignous  parts. 
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PELECYPODA. 

(  >STRKIi:)^K. 
Genus  OSTREA  Linna?us. 

OSTREA  Sp. 

Three  imperfect  valves  of  an  ovate,  thin-shelled  ostreid,  about  1^ 
inches  in  greatest  dimension,  lie  partly  embedded  on  a  piece  of  blue 
limestone  obtained  from  the  Theta,  1^  miles  cast  of  Malone  station, 
and  may  represent  Ostrea  as  distinguished  from  ExogvTa  and  Gry- 
phsea.  They  are,  however,  incomplete  in  the  region  of  the  beaks 
and  their  precise  relationship  therefore  i*emains  somewhat  uncertain. 
The  inflation  is  moderate  and  due  almost  wholly  to  the  strongly 
incurved  border,  the  remainder  of  the  valve  being  rather  flat. 

Since  in  general  aspect  they  recall  species  of  Ostrea  in  the  stricter, 
and  certainly  at  least  represent  it  in  the  broader  generic  sense,  while 
they  do  not  seem  referable  to  any  of  the  hitherto  descril)ed  Ostreidee 
of  the  Malone  Jurassic,  they  are  here  provisionally  listed  as  above. 

Grvph.ea  mexicana  Felix. 

PI.  Ill,  figs.  l-(». 

Oryphwa  mcricana  Felix,  1801,  Beitr.  (leol.  u.  Pal.  Mex.,  pt.  X  p.  178,  pi. 
27,  figs.  30,  .30a. 

Shell  rather  small,  more  or  less  inequilateral  and  cuneate;  adduc- 
toi'scar  elongate,  lightly  impressed;  margins  of  the  valves  not  crenu- 
lated  internally,  the  right  valve  very  much  smaller  than  the  left, 
rounded-triangular,  usually  flat  or  exteriorly  in  part  concave,  thick- 
ened in  the  dorsal  part;  left  valve  triangular  to  crescentic-triangular, 
deeply  excavated,  strongly  arched  on  the  dorsal  region,  the  posterior 
part  more  prominently  so  than  the  anterior,  its  l)eak  high-arched, 
strongly  incurved  and  rather  bluntly  (seldom  freely)  hooked,  usu- 
ally swinging  a  little  backward,  its  posterior  side  strongly  flattened 
or  concave,  the  passage  thence  to  the  outer  side  more  or  less  angu- 
lated  or  sometimes  elevated  as  an  obtuse  fold,  a  similar  but  smaller 
flattening  oi*  concavity  being  often  present  on  the  shorter,  anterior 
hide,  exterior  side  usually  convex — sometimes  flattish  or  concave — 
antero-posteriorly  and  either  without  bordering  sulci  or  provided 
with  an  anterior  or  posterior  sulcus  or  with  both;  the  growth-lines 
sometimes  acute  and  imbricated,  especially  on  the  anterior  and  poste- 
rior slopes,  but  on  the  exterior  slope  often  more  commonly  thickened 
at  irregular  intervals  into  obtuse  wave-like  clevalvow^y  wcv<\  «^^w\^setv^ 
also  swung  upwards  into  a  broad  sinus,    lu  ^pecvrcv^we*  c^l  'savsJ^^^  "^^^^ 
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medium  sizes  at  least,  the  left  ralve  is  often  ornamented  with  fine, 
radiating  raised  lines,  inoliiding  more  eonspiciions  ones,  which  uiv 
rather  remote,  and  numerous  closely  arranged,  almost  microscopically 
fine  ones,  there  being  usually  2  to  7  of  the  latter  in  each  of  tlie 
intervals  between  the  former.  This  ornamentation  is  usually  well 
expressed  in  very  young  examples,  and  these  present  considerable 
resemblance  in  form  as  well  as  sculpture  to  certain  sijeeies  of  Plica- 
tula,  but  in  the  arched  valve,  held  beak  upward  and  seen  in  exterior 
^^ew,  the  longer  side  will  apjjear  on  the  right  in  the  young  Gryptm-a 
and  on  the  left  in  Plicatula,  since  the  arched  valve  is  the  left,  in 
Oryphiea  and  the  right  in  Plicatula  and  the  posterior  side  of  the 
shell  is  longer  than  the  anterior  in  both  genera.  A  very  similar  orna- 
mentation is  seen  on  the  arched  valve  of  Meek  and  Hayden's  Black 
Hills  Jurassic  fonn.  Gryphcea  calmola  var.  nfihraxcensin.  In  excep- 
tional specimens,  G.  mexirajia  approaches  the  latter  species  in  form 
also,  tending  to  a  uniform  antero-poslerior  convexity,  even  the  poste- 
rior flattening  being  slight.  Much  more  common  than  this,  however, 
is  the  occurrence  of  specimens  with  anterior  and  posterior  sides  both 
strongly  flattened  or  concave. 

A/easurentents, — Specimens  of  an  ordinarysize  give  height,  43  mm.; 
length,  32  nun.;  breadth,  17  mm.;  but  considerably  larger  specimens 
'    are  often  found. 

Ocoirmire. — Cornnimi  at  several  levels  below  the  Iota  conglomer- 
ates, a  mile  and  a  half  east  of  Malone  station,  where  scores  were 
collected,  and  less  so  a  few  feet  above  similar  conglomerates  in 
an  anticline  in  the  east  flank  of  Malone  Mountain;  in  the  latter 
locality  associated  with  Pleuromya  inconstant,  Modiola  maloniana^ 
Astarte  malonensis,  Exofft/ra  suhplidfera?  and  Serpula  gordialis. 
The  species  was  also  collected  by  Doctor  Stanton,  both  at  these  and  at 
the  following  localities:  About  a  mile  east  of  Finlay  station;  west 
side  of  Malone  Mountain,  west  and  also  south  of  west  from  Malone 
station  (at  the  last-named  locality  in  Nos.  13  and  25  of  his  Malone 
Mountain  section) ;  from  foothills  west  of  Malone  Mountain,  about  2 
miles  north  of  its  southern  end;  at  the  west  base  of  the  mountain, 
near  its  southern  end ;  and  from  the  east  slope  of  the  mountain,  near 
its  southern  end,  200  or  .100  ( ?)  feet  alwve  the  g>'psum. 

One  of  the  most  striking  features  of  (7.  itienkuua  is  the  posterior 
flattening  of  the  left  valve,  a  feature  of  which  is  much  more  strongly 
expressed  in  this  shell  than  in  any  other  species  of  Grypha*a  with 
which  I  am  acquainted. 

The  prevailing  size  of  the  shell  is  not  the  same  at  all  localities, 
some  specimens  of  the  largest  average  size  coming  from  the  west  side 
of  Mahme  Mountain ;  but  at  no  locality  in  the  Malone  district  does  the 
shell  average  so  small  as  the  Oaxaca  examples  figured  by  Doctor 
FeUx. 
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Genus  EXOGYRA  Sav. 

EXOOYRA    SUBPLICIFERA    Fclix. 
PI.  IV,  figs.  1-4. 

Exogyra  subplicifera  Felix,  1891,  Beitr.  Geol.  u.  Pal.  Mex.,  Pt.  Ill,  p.  177, 
pi.  27,  figs.  6,  7. 

From  locality  IJ  miles  east  of  Malone  station,  and  associated  with 
most  of  the  commoner  fossils  described  in  this  paper,  were  collected  19 
.s|>ecimens,  l)esides  8  obtained  by  Doctor  Stanton.  Two  somewhat 
doubtful  casts  were  also  found,  with  Gryphma  mexirana^  Astarte 
malonensisj  etc.,  just  above  the  beds  of  conglomerate,  at  the  eastern 
base  of  Malone  Mountain,  in  the  anticline  about  1  mile  north  of  the 
southern  end  of  the  mountain. 

The  shells  occur  both  free,  or  nearly  so,  and  attached  by  nearly  the 
whole  of  the  left  valve.  The  largest  example  from  the  Malone  Hills 
has  a  length  of  35  mm.,  but  some  of  the  smaller  ones  agree  nearly  in 
size  with  the  Mexican  specimens  described  and  figured  by  Doctor 
Felix  from  the  Cerro  de  Titania.  The  right  valve  has  the  beak 
strongly  recurved  laterally,  and  sometimes  has  the  anterior  dorsal 
border  drawn  across  the  umbonal  cavity  so  as  to  form  more  or  less  of 
a  cul  de  sac,  and  in  the  more  nearly  free  examples  is  rather  thin, 
deeply  excavated,  and  ornamented  with  numerous  imbrications  which 
present  distally  an  obtuse  angle  on  the  summit  of  convexity,  and  in 
some  of  the  j^oung  examples  may  have  1  to  4  faintly  expressed  radial 
folds  on  the  basal  part.  In  young  specimens  the  right  valve  is  more 
or  less  triangular,  broad  across  the  distal  part,  and  a  little  produced  at 
the  base:   in  the  adult  it  usuallv  becomes  auriform. 

The  following  is  a  translation  of  the  original  description  by  Doctor 
Felix,  relating  to  the  right  valve,  which  is  exceedingly  characteristic 
and  on  which  alone  the  species  was  established : 

It  Is  of  auriform — souietinies  rather  elongate,  soiiietioies  more  broadened — 
contour,  lilve  tlie  Cretaceous  IJxofjpra  uunculariH  Brongn.  sp.,  which  has  been 
regarded  by  ('o<iuand  as  a  variety  of  Iiis  E.  plicifera.  On  Its  inner  surface  It 
liears  a  varial)le  numi)er,  mostly  5  to  8.  cf  transverse  folds,  which  are  in  strong 
reUef,  l)ut  do  not  extend  a(Toss  the  entire  shell  breadth,  by  vvliloh  sculpture  It  is 
esi^eoially  distingulsluHl  from  related  forms.  It  nniy  be  taken  for  granted  that 
if  adult  examples  show  this  sculpture  on  their  inner  side,  frt»e  or  only  umboually 
adnate  individuals  will  show  It  on  their  outer  surface  in  at  least  as  distinct  a 
nmnner  as  the  Cretaceous  /v'.  plicifera  Coqu.  iK)sses.ses  It. 

The  length  of  the  specimen  in  the  middle  amounts  to  15  mm. 

ExoGYRA  POT08INA  C.  and  A. 

PI.  Ill,  fig.  7;  PI.  IV,  fig.  7. 

Exogyra  potosina  Castillo  and  Agullera,  1895.  Faun.  Foss.  Sierra  d.  Catorce, 
p.  3,  PI.  II,  fig.  9. 

Doctor  Stanton's  collection  contains  six  specimens  that  are  Yei«CT«^ 
to  this  species.    All  are  larger  than  the  Mexicaiv  t^^  ^^evKv^xv  ^^- 
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iii-fd  lj_v  Castillo  and  Agiiilerii.  Tiiree,  of  which  ono  dosriy  rt-semhlef 
the  example  of  "E.  suhnodosa  MiiiistCT,''  figured  in  Goldfuss's  I'etra- 
fiu-tn  gertMinur  (Pi.  LXXXVI,  fig.  8),  are  from  the  foothills  wiwt 
of  Malnne  Moiintnin,  nlxiiit  •!  miles  north  of  the  southern  end  of  lh« 
luountaiii,  there  associated  with  Gryphwa  mt-xicarut,  Pinna  quatlrl- 
fronn,  I'kiuromya  inromttiinn,  etc.  The  three  others,  representing  a 
"■ariety  of  more  broiidly  triangular  outline,  are  from  the  west  base  of 
llic  moiintnin,  only  n  short  distance  north  of  its  southern  end.  The 
latter  t^tiition,  according  to  Doctor  Stanton "h  notoa,  may  or  may  nol 
represi-nt  the  same  horizon  as  the  former  and  "  la  ecrtwinly  seveml 
hnndred  ftvt  almve  a  horizon  of  Orypfitt-a  fiuarirnun  and  Nerinea." 

Tlie  i>i}ecinu>n,  abore  compared  to  E.  suhnodomt,  hus  a  convuxity  uf 
aboiit  40  mm,  and  a  lateral  jirofile  whose  gi-eatest  extent,  fn>m  l>eak  to 
anterior  part  of  base  and  extent  transverse  to  the  .same,  ai-e  rcspec- 
lively  8*1  and  55  mm.  Corresponding  dimenKions  in  one  of  the  larger 
and  broader  specimens  from  tlie  second  station  above  sjwcified  are 
i-espectivcly  and  approximately  39,  i>3,  and  73  mm. 

The  following  is  a  translation  uf  Castillo  and  Agiiilera's  descrip- 
tion of  Exogyra  potonina ; 

Bliell  citinEnted,  nblittne,  liitpmllr  cuneil.  of  npiulluiifir  cnntoar.  I(lght<> 
«alve  inBaleil.  ItR  initjor  couvexttr  silunlnl  iinir  tlie  aailio,  Uii-urveil  like  tbe 
Bliells  of  Grypliien:  piwvliled  with  an  cititutu>  creat  thai  Iruverseit  the  ahell  la 
Us  entire  leiiRtli  frirailnf;  ii  ciirvi-  (imccni rlr  wHli  llie  niilerlur  iiiurgln;  Ii«ik 
little  free  iuiil  gi'iilly  its-urved  liiternllj-.  Left  Viilve  oixTiiillforni.  depressed, 
und  ii(liipte<l  to  ttu>  t-iiiii-iivlty  wlilch  the  rlKht  viilvt'  forms;  beiik  rudliiipiitnry. 
Surrint'  provldwl  with  growtli-liimirm^  mure  uiJirki^l  in  tlic  left  vjilvp,  whlt-h  Is 
HitliH'ly  Iniuelliir:  on  the  riRlit  viilve  art?  jien'elved  two  pllciforui  nodules. 
I'lituse  uiiil  luiperfi><.-t.  n|H>n  the  iiiillstliit't  t'rest  iif  tbe  shell,     [^ngtli,  57  mm. 

('astillo  and  Aguilera  further  destrrilw  the  shell  as  intermediate 
l>»!tweeii  E.xogyra  and  Grypha-a,  noting  that  it  approaches  the  latter 
gemis  \xAh  in  the  general  form  of  the  two  valves  and  by  ]>re(M)nder- 
ance  of  the  vertical  over  the  lateral  curvature  of  the  uml>onal  region. 
In  the  Texa-s  specimens,  however,  at  least  sometimes,  the  lateral  curv- 
11  hire  st-ems  to  pi-e ponderate. 

It  is  jtossihle  tliat  the  narrower  and  broader  forms  represent  two 
species;  but  this  does  not  seem  probable,  and  they  are  here  provision- 
ally regarded  ils  mere  phases  of  one. 

Exogyra  poiimina  in  the  Sierra  de  Catorce.  has  been  recorded  only 
from  relatively  high  Iwds,  which  Castillo  and  Agtiilera  have  con- 
sidered as  Cretaceous.  It  apjjarently  occurs  only  bigli  in  the  Malone 
district  also;  but  some  of  its  as.sociates  in  the  latter  district  are 
apparently  identical  with  the  lower  occurring  ricuromi/a  infonstann 
iof  the  Tlieta  and  Alamitos) ;  Oryphwa  nuixicarm  (of  the  Thcta  and 
Jurassic  of  Oaxara);  Pcctcn  tnHutnx,  Pinna  qiiadrifrons,  Lvoina 
Bta  tbe  Dp«ccuk\1uTm  i«lv«  aa  (.he  rl(lit  In  tlie 
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metrira^  and  Astarte  maUyuensis  {?)  (of  the  Theta) — forms  which  are 
themselves  the  common  assotnates  of  TAgonia  cahleroni  (Theta  and 
Alamitos) ;  Astarte  microphyes  (Theta  and  Jurassic  of  Oaxaca),  etc. 

S  POND  YLIDyl^:. 
(lenus  PLICATULA  Lamarck. 

PlK  ATULA  SrORTELLA  Sp.  n. 
PI.  Til,  figs.  8,  9. 

Shell  small,  well  inflated  by  the  convexity  of  the  broadly  rounded, 
somewhat  inequilateral  and  twisted,  broadly  attached  ri«:ht  valve; 
left  valve  nearly  flat,  its  margin  rather  thick;  both  valves  stnmgly 
plicated  to  the  correspondingly  crenulated  margins,  the  ribs  about  10  * 
on  each  valve;  ribs  of  the  left  valve  with  broadly  rounded  summits, 
the  furrows  between  them  narrow,  those  of  the  right  valve  with  nar- 
rower, more  widely  separated  summits,  and  sc»parated  by  round- 
bottomed  furrows;  surface  of  ribs  and  furrows  on  both  valves  crossed 
with  imbricated  growth  lines. 

Measurements, — Height,  8  mm.;  length,  10  mm.;  breadth,  5  mm. 

Ovcurrenve. — Malone  Hills,  1^  miles  east  of  Malone  station.  The 
type  and  only  specimen  is  attached  to  a  shell  of  L^erinea  (/oodelUL 

LIMID^:. 
(lenus  LIMA  Bruguiere. 

Lima  interlineata  sp.  n. 
PI.  IV,  figs.  5.  «. 

Shell  small,  obliquely  oval,  the  anterior  Iwrder  straight  or  very 
slightly  convex,  the  oval  being  more  elongate  than  that  of  Lima 
crenuUeosta  Koemer,  and  the  lateral  profile  more  nearly  approaching 
that  of  L,  iracoensis  Koemer;  the  convexity  of  the  valves,  however, 
agreeing  more  nearly  with  crenuUeosta^  and  the  beaks  somewhat 
more  elevated  than  in  either  of  those  species;  either  valve  ornamented 
with  about  2*2  radiating  ribs;  the  ribs  tectiform,  having  two  faces 
that  meet  at  an  angle  considerably  greater  than  a  right  angle;  the 
ribs  separated  by  intervals  about  as  wide  as  themselves,  the  middle 
of  each  interval  marked  by  a  raised  line,  or,  in  the  case  of  a  few  of 
the  posterior  intervals,  l)y  two  to  three  such  lines.  It  belongs  to  the 
subgenus  Iladula. 

Measarements, — IxMigth  and  breadth  of  the  oval,  res[)ectively,  16 
and  12  mm. 

Oerarrence, — Represented  by  a  right  valve  and  several  fragments 
from  locality  IJ  miles  east  of  Malone  station,  and,  of  Doctor  Starv- 
ton's  collecting  at  same  locality,  by  a  \eit  va\\^  V\V\v  vwvA<k«'«wVA^ 
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jnomineiit  anierior  ear.     Doctor  Stanton  also  obtained  a  fragment 
from  jihoiit  II  mile  woutli-southeast  of  FinUy  station,  J^ 

Lima  {ctenostreon)  riuoraxdknsis  sp.  n.  ^^ 

PI.  V.  lig.  4. 

Shell  large  and  thick,  eqiiivalve,  Bomewhat  inequilaternl.  or  ol»- 
Iic|ue!y  roiind-oval  (the  base  swung  somewhat  forwarJ).  ventricose, 
anteriorly  gaping,  radially  large-ribbed;  ribs  broad  and  low -convex, 
about  11  or  12  in  number  on  each  valve,  (separated  by  flat-concave 
intitrvals  about  as  broad  as  tiiemselve.s ;  the  surface  marked  with 
sinuous- con  centric  growth  lines  and  coarse,  laminated  imbrications 
which  present  convexities  upward  and  downward  on  the  ribs  and. 
intervals  resi)ectively,  the  laminated  imbrications  in  places  thickened 
so  as  to  nearly  fill  the  shallow  intervuls.  The  ears  of  the  type  are 
broken  off.  The  presence  of  a  byssal  sinus  is  indicated  by  the  direc- 
tion of  the  growth  lines  on  the  basal  renmant  of  the  anterior  ear. 

Meaavrements. — Height  about  125  mm.;  length  about  the  same; 
breadth,  80.5  mm.  The  thickness  of  the  .shell  vari(«  from  about  7 
mm.  on  the  basal  slope  to  about  13  mm.  in  the  dorsal  region. 

Occurrence. — Only  the  single  type  specimen  is  known.  This  was 
found  on  the  upper  part  of  the  Theta  outcrop,  1 J  miles  east  of  Malom- 
station,  as.sociated  with  specimens  of  Trigonia  vyschHskii.  A«tarti- 
fiialonensis,  etc. 

The  species  seems  to  considerably  exceed  in  size  Ct.  proboacidea 
Sby.,  of  the  Oxford.  The  only  Ctenosti-eon  that  has  hitherto  been 
Known  from  North  American  rocks  is  an  undescribed  species  reported 
by  Hyatt  from  the  lower  Jurassic  of  Taylorsville,  Cal. 

PEGTINID.E. 
Genus  PECTEN  Klein. 

PeCTEN    (cAMPTONECTES)    INSl'Tl'S   sp,    n. 

PI.  IV.  flgs.  11.  12. 

Shell  pyramidal-subcircular,  somewhat  inequilateral,  with  greater 
anterior  than  posterior  extent,  inetjuivalve;  left  valve  having  a  fair 
degree  of  convexity;  right  valve  flattish-convex;  beaks  rather 
pointed,  not  rtiunded  in  well-preserved  specimens,  the  right  one  but 
slightly  inflated;  anterior  straight  or  slightly  concax'e  and  posterior 
usually  slightly  convex  (sometimes  in  part  incipiently  concave) ; 
dorsal  margins  of  body  of  either  valve  making  a  right  angle,  or  often 
considerably  less  than  a  right  angle,  with  each  other;  anterior  ear 
liirge.  its  hinge,  or  crest  line,  aiiout  twice  as  long  as  that  of  the  poste- 
n'or  ear,  and  its  anterior  margin  i-eftc\Vu\g  »\>ouV.  ttiiiea-loM'AVia  %.&  fw 
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in  advance  of  the  beaks  as  does  the  anterior  margin  of  the  valve 
itself,  its  byssal  sinus  angular  or  subangular;  surface  of  both  valves 
ornamented  with  numerous  fine,  closely  set,  rounded  to  flattened, 
radial,  linear  costella?,  separated  by  narrower,  serially  punctate, 
striipform  grooves,  and  crossed  by  concentric  growth  lines,  of  which 
some  at  irregular  intervals  are  more  or  less  strongly  imbricated; 
punctations  commonly  approaching  the  form  of  a  circumflex  accent, 
sometimes  appearing  dot-like,  very  closely  ranked. 

MeasiiremcntH. — Height,  39  mm. ;  length,  34  mm. ;  breadth,  10  mm. 
(right  valve  3,  left  7). 

Occurrence, — About  50  specimens  were  collected,  in  the  Malone 
Hills,  1^  mile.s  east  of  Malone  station,  the  species  ranging  nearly 
throughout  the  fossiliferous  Theta  there  exposed;  in  foothills  about 
1  and  2  miles  a  little  south  of  east  from  Finlay  station ;  at  a  point 
about  2  miles  west  of  Malone  station;  about  three-quarters  of  a 
mile  farther  south  (all  of  the  four  last-named  localities  representing 
the  same  or  nearly  the  same  horizon.  No.  13  of  Doctor  Stanton's 
Malone  Mountain  section) ;  and  at  the  anticline  in  the  east  slope  of 
Malone  Mountain,  nearlv  a  mile  north  of  its  southern  end. 

Before  obtaining  a  copy  of  Felix  and  Lenk's  Beitrage  zur  Geologic 
und  Palaeontologie  der  Republik  Mexico  I  had  characterized  and 
named  in  manuscript  the  above-described  common  Malone  fossil,  giv- 
ing it  the  specific  name  insutus^  in  allusion  to  the  peculiar  stitched 
appearance  of  the  seams  between  the  ribs.  Its  ornamentation  closely 
resembles  that  of  the  Lima  comatulicosta^  described  in  that  work, 
from  the  upper  Jurassic  of  Mexico.  It  differs,  however,  in  several 
respects  from  that  form,  as  described  and  figured  by  Doctor  Felix." 
It  is  provided  with  ample  ears,  of  which  the  anterior  is  several  times 
the  larger;  it  is  inequivalve;  its  beaks,  instead  of  being  rounded,  as 
described  and  figured  by  Doctor  Felix  in  his  Lima  comatulicosta^ 
are,  when  perfectly  preserved,  rather  pointed ;  and,  finally,  its  outline 
is  less  obliquely  or  anteriorly  elongated,  sometimes  even  approaching 
in  the  body  of  the  valves  an  equilateral  or  circular  outline  with  a 
pyramidal  summit,  though  usually  rather  oblique  and  somewhat 
elevated. 

The  break  possibly  indicated  at  the  position  for  an  ear  in  fig.  5 
(loc.  cit.)  of  Lima  comatulicosta^  the  apparent  identity  of  the  costal 
and  intercostal  ornamentation  of  the  Malone  Pecten  with  that  shown 
in  figs.  1,  la,  3,  3a  of  the  Cerro  de  Titania  shell,  and  the  fact  that, 
unless  the  Pecten  insutus  be  it,  the  Lim^  comatulicosta  is  not  known 
from  the  Malone  district,  while  its  appearance  there  might  reasonably 
be  expected  (since  at  least  two*  of  the  seven  lamellibranchs  described 
by  Doctor  Felix  from  the  Upper  Jurassic  of  the  Cerro  de  Titania 

«  Beltrftge,  etc.  In  Palaeontograpbica,  yol.  37,  p.  17a.  PI.  XX'^W,  ^fj^.  \,  W^^^^^'^- 
^^^'tf^l^rtf  aubplicifera  and  Chypheea  mewicana. 
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liuvi'  Ix^cii  found  to  Ix'  coiniiioii  to  both  locnlities),  atv  i-iii-urn- 
dniiccs  which  lit  one  time  led  me  (o  regard  Iht-  allcgi'd  Lima  us  jirnl)- 
iibly  identiciil  with  the  corumou  IWlcn  of  Miihtnt'.  Jtitt  thiit  the 
differences  of  form  are  fonHiderabie,  as  uIkjvo  shown;  that  Doctor 
Kelix  givcH  (wn  fifrun-s  of  IJiria  '■omnt.iiliri'Kta  whieh  iifini?  essentially 
with  ouch  other  in  nil  rcsiJoetH  in  whi<'h  eillier  dilTi-rs  from  I'ri-trn 
ijisufun;  that  he  coniptireti  hiy  fossil  with  a  Kurofiean  sjwcies  of  Lima  " 
fitim  the  eurwl  rag,  and  that  the  pcenliar  intercastJil  pnnelaliDii  is 
linow^i  t<i  (K-cur  Ixith  in  Lima  am!  in  I'ecten,  are  considerations  in 
view  of  which  the  assiiiTiptiim  thai  the  Mexican  fossil  has  btvn 
wi'ongly  referre<l  to  Lima  is  not  warranted. 

The  radially  ornamented  outer  layer  of  this  shell  rapidly  weathers 
off,  leaving  ii  shiny  black  surface,  so  that  sometinies  the  wlicll  apjicars 
smooth  or  U-ai-s  only  sulxlued  coticentric  markings. 

The  s]ie(rtmen  f]gnii;<i  repr&sents  the  mm-e  eircuhir  phase  of  the 
ijwcieh  and  shows  the  beakis  less  pointed  than  they  appear  in  mwt 
cxu  tuples. 

AVir'TT.IIi.i;. 


s(!KI{VILLLV  Deframe, 

iVIl.l.lA    IXIUKfOAT.V  Sp.  11. 
I'l.  IV.  lip..  M-ll). 


J 


Shell  ineqnivnivc,  very  inequilateral,  oliHquoIy  elongated  and 
curved;  hinge  provided  with  several  eartiiage-pit.s  the  one  anterior 
to  (lie  beaks  being  ndatively  small ;  the  left  valve  erest;eiitic  as  viewed 
fi-om  above,  .sigmoid  as  viewed  fi-om  without,  its  ln-ak  curved  forward, 
inward,  and  downward,  its  i«»stero-basal  part  curved  backward, 
upward,  and  inward;  the  right  valve  (including  lieak)  flattened, 
its  i>osterior  nmhoiial  slope  nionoclinally  angiilated,  the  steep  and 
narrow  post-umI>onaI  slope,  separating  the  anterior,  anteropos- 
teriorly  flat-ccmvex,  proximo-distally  flat  or  slightly  concave  main 
])!irt  of  the  valve  from  tbe  relatively  depres.sed  posterior  wing;  ante- 
rior wing  smitU  or  of  moderate  size,  that  of  tbe  left  valve  a  little 
<-ontorted,  posterior  wing  rather  large,  its  angle  drawn  out  poste- 
riorly to  a  point,  owing  to  the  stmng  emargin!iti{in  of  its  posterior 
Uirder;  undio  of  left  valve  radially  coinigated,  the  adjoining  part 
of  the  left  |)osterior  wing  sindlarly  ornamented  t)U  a  smaller  scale, 
remainder  of  left  and  the  right  valve  marked  with  ordinary  growth- 
lines. 

.¥e'«si/r(?»ic;ii«.^IIeight.''  'iS  mm.;  length.  :1S  mm.;  breath,  12 
mm.  Portions  of  several  largi^  s|>eeimcns  indicate  at  least  twice  these 
dimensions. 

'Helgbt  nad  length  taken  us  usual,  periwoilVtuVnt  aiui  puvnllcl  to  (be  hlnge-llne. 
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Occurrence, — As  yet  known  only  from  the  Malonc  Hills,  1^  miles 
east  of  Malone  station,  and  only  moderately  eonnnon  in  the  lower 
part  of  the  Theta  beds  of  that  locality,  occuring  with  several  of  the 
smaller  species  of  Gastropoda.  Gryphcea  viexicana^  which  ranges 
much  higher,  is  also  one  of  its  commoner  associated  fossils.  Twenty- 
three  imperfect  sj^ecimens  and  fragments  were  collected. 

GeRVILLIA  CINDERELLA  Sp.  n. 
PI.  V.  fig.  1. 

Shell  subequivalve,  moderately  inflated,  somewhat  flattened  on  the 
flank,  falciform,  the  basal  region  being  much  produced  posteriorly, 
its  terminal  part  taj^ering;  basal  margin  long,  straight,  convex; 
l^osterior  border  concave;  flank-region  limited  supero-posteriorly 
and  in  part  ai)teriorly  by  an  abruptly  rounded  shoulder,  the  sur- 
face being  drawn  steeply  in  to  the  base  of  the  wing;  posterior  shoulder 
continuous  from  the  beak  to  the  upper  part  of  the  posteriorly  pro- 
duced basal  region,  its  axis  gently  curved  with  concavity  looking 
upward  and  backward;  anterior  wing  inflated  above,  concave  and 
more  distinct  from  the  lx)dy  of  the  valve  below;  posterior  wing 
large,  falcate  (?)  (largely  broken  off  in  the  type),  surface  bi»aring 
delicate  concentric  growth  lines. 

MeuHu rente ntn, — Height,  32  (plus  several)  mm.;  length,  alx)ut 
(probably  a  little  more  than)  57  nun.;  breadth,  11)  mm. 

Occurrence, — One  six»cinien,  wanting  the  cardinal  region,  was 
found  by  Doctor  Stanton  in  the  horizon  of  the  broader  phase  of 
Exof/yra  potashia  at  the  Avest  base  of  Malone  Mountain,  a  short 
distance  north  of  the  southern  end. 

GeRVILLIA  ?  RIOGRANDENSIS  Sp.  n. 
PI.  V.  figs.  2,  3. 

# 

xVnother  species  of  lamellibranch,  here  i^rovisionally  referred  to 
Gervillia,  was  found  at  the  west  base  of  Malone  Mountain,  associated 
Avith  G,  Cinderella,  It  is  represented  by  a  cast,  of  which  considerable 
of  the  upper  posterior  region  has  been  removed  by  weathering,  and 
which  bears  fragments  of  the  shell  of  the  left  valve.  The  form  is  less 
elongate  and  more  compressed  than  that  of  G,  Cinderella ;  the  anterior 
l>order  is  concave,  the  ventral  border  slightly  so,  the  adjoining  lower 
part  of  the  flanks  being  slightly  hollow,  owing  to  the  strong  compre^s- 
sion  of  the  ventral  region.  As  compared  Avith  G,  Cinderella^  the 
a  ntero- ventral  border  is  more  prominent  and  regidarly  rounded.  The 
shoulder  separating  the  flank  from  the  posterior  wing  appears,  from 
the  cast  of  part  of  it,  to  have  been  much  more  gently  molded,  and  this 
wing  seems  to  have  had  much  greater  development  in  its  lower  part; 
surface,  as  impressed  on  the  mold  of  a  shell  fraginfewX,^  Vk\»xVfc^i  ^S^ 
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fine  growth  lines,  of  which  some,  occurring  at  short  -■subregiilnr  inti^r- 
vals  on  the  distal  [tarts,  are  more  strongly  imbricated  than  others. 

Measurements. — Height,  about  40  nun. ;  lengtli.  38  mm.  (plusSt)^ 
breadth,  17  mm. 

Opfurrenee. — Known  only  by  the  above-described  specimen,  associ- 
ated with  GervUlia  citiderelfa,  Exorjyra  potonina,  Pfeurornya  incon- 
ntana,  etc 
L  MYTILID-li;.  ^^ 

I  Genus  MYTILUS  (Linn.)  Bnig.  ^| 

MyTILUB  NUXTIllS  SJ).    LI. 

n.  VI.  flg*.  i.  s. 

Shell  small,  wjuivalvG  (or  slightly  tortuous-inequivalvo?),  ratlior 
compressed,  the  rigiit  or  left  profile  arched  ciini^Bt^-oblong,  ouiiwiil- 
erably  less  attenuated  anteriorly  than  that  of  the  somewhat  similarly 
proportioned  i-ecent  species,  Mytilus  afer  Gmelin,  the  angle  made  by 
the  anterior  margins  of  the  cast  being  about  three-fourths  of  a  right 
angle;  beaks  terminal,  subacute,  gradually  and  moderately  defiected 
upward,  directed  much  more  forward  than  upward;  valves  appar- 
ently smooth  or  marked  only  with  concontric  growth  lines. 

.l/*wj((*/¥»wn(*.— Length  (oblique)  of  lateral  profile,  21  nun, : 
breadth  of  same,  10  mm.  \  breadth  of  shell,  about  6  imu. 

Ornirrence. — X  single  well-preserved  cast,  bearing  thin  remnants 
of  the  shell,  was  found  among  the  lower  occurring  fossils  (Gervillia 
comigata,  Pleurotomaria  circumtrimca^  etc.)  of  the  Theta  1^  miles 
east  of  Malone  station.  A  form  without  trace  of  shell,  observed  on 
the  matrix  of  a  Trigonia  vysrhetzkii  from  the  sante  locality,  probably 
i-eprei^nts  a  valve  of  the  same  Mytilus  and  indicates  for  it  a  some- 
what larger  size. 

Though  the  longitudinal  axis  of  this  shell  is  arcuate,  the  arching 
is  so  gentle  that  the  outline  approaches  that  of  the  straigliter-prohlefl 
Mytilus  afer,  as  figured  by  Tryon,"  more  than  one  of  such  strongly 
curved  forms  as  eublwris,  eduliformis.  and  d^cvssatus. 

Genus  MODIOLA  Lamarck. 

MODIOLA  MALONIANA  Sp,  n. 
I'l.  VI.  fiRN.  1,  2. 

Shell  of  moderate  size  in  its  genus,  oblong- trapezoid,  gently  arched, 
broade-st  near  the  middle,  the  anterittr  and  iM»sterior  regions  rather 
narrow  and  elevated,  the  height  being  greatest  at  or  in  advance  of  the 
posterior  fourth ;  beaks  small  and  only  moderately  elevated  above  the 
hinge  line,  placed  close  together,  nearly  or  quite  in  contact  anteriorly, 
their  dorsal  summits  forming  rather  narrttiv  longitudinal  ridges  from 
"  struct  and  BjbV.  Coiic\h>\. 
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either  of  which  there  pro(*ee<ls  to  the  ])osterior  part  of  the  basal  mar- 
gin a  low,  broadly  rounded,  umbonal  swell,  below  which  in  the  inter- 
mediate region  the  flanks  are  concave;  surface  nearly  plain,  marked 
only  with  ordinary  growth  lines,  some  of  which  are  imbricated. 

MeaHurevients, — Height  across  umbonal  region,  11  nun.;  same  at 
highest  s(»ction  of  the  shell,  12.5  mm.;  length,  37.5  mm.;  breadth,  11 
mm.     Another  example  attains  a  length  of  43  mm. 

Occurrence, — The  type  is  from  locality  H  miles  east  of  Malone  sta- 
tion, which  has  yielded  two  other  specimens.  I  have  found  a  single 
example  also,  associated  with  Pleuroviya  incon^Uni^^  Astarte  malo- 
'lUiiiniH^  Exoijyra  mih pl'icifera  .^,  Gryphcea  vtexieana^  and  Serpula 
(jordialis^  at  the  eastern  base  of  Malone  Mountain,  in  the  transvei'se 
anticline  1  mile  from  its  southern  end,  just  above  conglomerates. 
Two  additional  si^ecimens  were  obtained  by  Doctor  Stanton,  one  from 
the  anticline  just  mentioned  and  one  from  about  1  mile  east  of  Finlay 
station. 

MODIOI^V  GENICULATA  Sp.  11. 
PI.  VI,  fig.  3. 

Shell  small  among  its  congeners,  much  shorter  and  higher  relative 
to  its  breadth  than  J/,  maloniana^  geniculate-trapezoid,  the  vertically 
expanded  posterior  half  of  the  shell  being  rather  suddenly  deflected 
downward  and  backward  so  that  its  axis  makes  an  angle  of  about  45^ 
with  the  horizontal  cardinal  border  of  the  vertically  smaller  anterior 
half;  breadth  less  than  the  height,  greatest  about  the  middle;  beaks 
moderately  raised,  little  inflated;  flanks  concave  in  the  mid  region 
lx;low  the  umbonal  convexity;  surface  apparently  marked  only  with 
the  ordinary  growth  lines. 

Measurements, — Height,  10  mm.;  height  of  section  across  middle, 
12.5  mm.;  length,  25.5  nmi. ;  breadth,  estimated  from  convexity  of  one 
valve,  10  nun. 

Occui*rence, — A  single  left  valve  was  collected  by  Doctor  Stanton 
about  1  mile  east  of  Finlay  station. 

Genus  PINNA  Linnams. 

PiXXA   Ql  ADKirKONS   Sp.   11. 
PI.  VII.  figs.  1-8. 

Shell  of  medium  size  in  its  genus,  elongate-cuneate;  anterior  region 
inflated,  in  cross  section  bicuspidately  round-oval  to  quadrate-oval; 
posterior  region  rather  compressed,  in  cross  section  nearly  rhombic; 
valves  meeting  by  their  ventral  margins  at  an  acute  and  more  or  less 
compressed  or  cariniform  angle  and  by  their  dorsal  margins  at  a 
somewhat  similar  angle;  from  their  anterior,  iwot^  c»\i\^^  ^^x\.^\«.- 

BulL  266—05  M i 
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Chilling  at  first  feebly  and  then,  on  the  middle  and  pijsterior  region, 
strongly  and  abruptly  obtUK^-Hngu luted  along  a  radial  line  a  little 
above  the  middle,  so  thai  either  valve  presents  two  slopes — a  dorsal, 
which  is  flat  or  in  part  ft«b!y  concave,  and  a  somewhat  wider  ventral. 
which  retains  some  convexity  even  on  tlie  posterior  imrt;  dornal  slope 
of  either  valve  ornameitteil  with  10  to  15  coiapressnd  and  gently 
elevuttfd  radial  costellie,  which  are  separated  by  inti-rvals  wider  than 
themselves  and  obliquely  scored  by  numerous  growth  linei<  that  give 
the  costellsB  a  more  or  less  gi-anulated  or  crenulated  appearand:  ven- 
tral sloiie  marked  only  with  strong,  pliciforni,  for  the  most  part  very 
oblique  growth  lines.  The  summit  of  the  supra-median  angle  is  tlie 
lotMis  of  a  linear  hingelike  plait,  or  gore,  by  whose  ivady  erosion  the 
valves  are  often  cleft,  especially  along  the  niiddl(>  and  posterior 
region,  each  into  two  valvelike  segments,  so  that  bi-oken  specimens 
which  inclnde  only  that  region  apjicar  not  only  tetragonal  and  quadri- 
lateral, but  also  (luadrivatvate. 

Meaxnremeiifn. — IToight  (across  hirgt^r  end),  :><'<  nun.;  I>readth 
(across  same) ,  30  mm. ;  length,  240  mm. ;  all  approximate, 

Ovmrrence. — One  and  a  half  miles  east  of  Malone  station.  This 
is  one  of  Uic  most  abundant  fossils  of  the  Theta  subdivision  in  that 
locality  and  ranges  nearly  throughout  the  known  fossiliferons  thick- 
nesM  of  it.  It  usually  occurs  in  sections  varying  in  size  from  less 
than  1  inch  to  4  or  fl  inches  long,  of  which  about  SO  wei-e  here  cib- 
obtaineil.  Some  have  Ix-en  subjected  to  pressure  in  such  a  manner  as 
to  make  them  nearly  square  in  cross  section.  Doctor  Stanton  also 
obtained  several  on  the  west  side  of  Malone  Mountain,  as  follows: 
One  in  No.  25  of  his  Malone  Mountain  section,  2  miles  south  of  west 
Malone  station;  2  from  a  foothill  about  2  miles  northwest  of  the 
southern  end  of  the  mountain,  and  G  from  the  west  bast;  of  the 
mountain,  a  short  distance  north  of  its  southern  end.  Part  of  those 
(casts)  from  the  last-named  locality  are  more  than  usually  com- 
jiressed,  rapidly  expanded,  and  somewhat  curved,  and  at  first  sight 
suggest  a  distinct  siiecies  or  variety;  bnt  others  arc  of  intermediate 
form  and  some  liear  sliell  remnants  with  seemingly  characteristic 
ijuadrifrom  ornamentation,  so  that,  while  individual  variation  may 
have  played  a  part,  the  exceptional  form  shouM  probably  be  attrib- 
uted chiefly,  if  not  wholly,  to  the  distorlive  influence  of  the  orogenic 
forces  that  have  acted  upon  the  matrix  containing  them. 

(ienus  ,VROA  Ijinnieus. 

Arca  taffii  s|>.  n. 

PI.  vr,  fliw.  7.  s. 

Shell  small,  ventricos*'.  I)riiadci'  than  hijrh.  "f  miHleratc  length; 

beaka  strongly  arciied,  inroUed,  and  broiigUV  mlo  is«\t.a<;t-,  posterior 
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slope  angiilated  and  strongly  flattened  (radially  costate?);  anterior 
slope  a  little  excavated  on  the  upper  part,  separated  from  the  outer 
slope  by  a  rounded  shoulder,  ornamented  with  a  few  strongly  elevated 
radial  costa^  separated  by  comparatiA'ely  wide  intervals,  in  each  of 
which  is  a  feebler  linear  costella;  outer  slope  flattened,  radially  cos- 
tate, becoming  closely  cancellated  on  the  middle  and  strongly  so  On 
the  ventral  part;  ventral  margin  straight,  not  crenulated.  There  are 
20  of  the  costae  on  the  outer  slope,  small,  with  their  rounded  summits 
subgranulated  by  the  cancellation,  and  separated  by  intervals  of  about 
their  own  width.  On  the  summit  of  the  umbo  the  axis  of  flattening 
is  inclined  forward. 

Measurements, — Height,  10.5  mm. ;  length,  11)  mm. ;  breadth,  12  mm. 

Occurrence, — One  and  a  half  miles  east  of  Malone  station;  repre- 
sented by  only  one  example. 

The  ornamentation  of  the  posterior  slope  is  concealed  in  the  type 
specimen.  A  radiately  costate  ornamentation  upon  it  is  inferred 
from  the  fact  that  the  species  seems  to  agi-ee  subgenerically  with 
Gray's  Calloarca  as  described  and  figured  in  Tryon's  Structural  and 
Systematic  Concholog}^  A  slight  inequality  of  the  waives  in  the 
umbonal  region  is  doubtless  a  distortion  due  to  stratigraphical  dis- 
turbance. The  specimen  does  not  disclose  the  characters  of  either 
the  hinge  or  the  ligament al  area. 

Arc  A?  DtTMBLi  sp.  n. 
PI.  VI.  fig.  0. 

Shell  small,  only  moderately  inflated,  rather  elongate-trapezoidal, 
the  anterior  side  short  and  subvertically  truncate^  the  posterior  long 
and  obliquely  truncate;  the  base  gently  convex;  the  moderately  ele- 
vated beaks  situated  at  the  rear  limit  of  the  anterior  third;  anterior 
slope  small,  concave,  wing-like,  with  supero-anterior  corner  nearly 
a  right  angle,  separated  from  the  outer  slope  by  a  posterior  umbonal 
angulation,  which  becomes  obsolete  distally ;  posterior  slope  concave, 
separated  from  the  outer  by  a  strong,  proximally  subacute,  distally 
obtuse  shoulder-like  angulation,  the  two  apposed  concave  slopes 
forming  together  a  sort  of  wing  with  obtuse  corner;  the  anterior 
slope  ornamented  with  a  few  narrow,  distally  obtuse  radial  folds, 
the  outer  slope  with  ordinary  and  strong  concentric  growth-lines, 
radial  lines,  if  originally  present  here,  having  l>een  feeble  and  oblit- 
erated by  weathering  in  the  types,  the  posterior  slope  and  the  summit 
of  its  limiting  angle  having  numerous  radiating  raised  lines  and  stria?. 

Measurements, — Height,  16.5  nun.;  length,  30  mm.;  breadth,  about 
12  mm. 

Occurrence, — One  and  a  half  miles  east  of  Maloue  ^t«A.\Q.w\  T^\ft«$^- 
senied  by  5  specimens. 
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Thv  liitigi-  diaracters  of  Uii«  shell  ure  unknown.     AVliilt  llic  gi'ii 
I     eral  form  permits  little  doubt  that  it  is  one  of  the  Arcida;,  there  is 
less  certainty  of  its  generic  position,  arul  it  is  placed  only  provision- 
ally under  Aim. 

Tlie  sjwries  is  named  for  Mr.  E,  T.  Dnmble,  lalp  State  freoIopiHt  of 
Texas. 

(ienus  CnCUl.L.EA  Lamarck. 

I  CdCrt.L.KA  ?  TK.XTl  COST  ATA  Sp.  n.  ^^^| 

r  PI,  VI,  flgs.  n.  in.  ^^H 

Slipll   venlriea-*,  sliort,  suhtriangular,  sonieivhat  puinbed  infero- 
(M)slcri(iriy.   ronnded   anlmorly,   the   posterior   kIoiw   flattened   ami 
iiiukiiig  Hii  unfile  with  tlio  outer  slope;  beiilcK  well  iiiflalud  and  de- 
,     vated;  entire  >furfnco  marked  in  a  crowded  manner  with  radiHtini; 
linear  wMtolla'  and  in  largo  piirt  with  erect  concentric  lines  of  imhri- 
cation,  of  which  tlie  latter  are  the  liner  and  more  crowded  (seen  to 
advantage  only  when  magnified),  and  tlie  former  the  more  coUHpicii- 
I     ous  and  more  jiersislent  under  wcallieriiifi,     \  considerable  pari  of 
'     the  surface  when  magnified  ajipears  woven,  like  cloth  or  miniature 
I    basket  work,  e.\oept  for  the  aUeninting  arrangement  seen  in  tin- 
'     latter.     This  woven  oninmenlation  rtsenihlcs  that  seen  in  Arm  tuffil. 
the  radial  costeihe  Ijelng.  however,  much  finer  and  more  numerous 
than  in  that  anteriorly  and  (Kjsteriorly  otherwise  ornate  and  alto- 
gether differontly  shajied  arcid. 

.I/(YWH*('W(.vi^.'*.— Height,  about  L>9  or  30  nun.  ( ?) ;  length,  34  mm. ; 
breadth,  24  mm. 

Occiin-ence. — One  specimen  ami  a  fragment  of  a  second;  IJ  miles 
oast  of  Malone  station. 

lu  the  al>soni«  of  any  knowledge  of  the  hinge  of  this  shell  it  is  not 
possible  to  be  sure  whether  it  is  a  Cuculla'a  or  an  Area.  The  orna- 
mentation— primarily  radial  and  secondarily  cancellated — is  of  a 
tyjie  more  cotmnon  in  the  latter  genus;  but  the  species  is  put  provi- 
sionally in  CucuUa-a,  under  the  subgenus  Trigonarca,  on  account  of 
its  triangular  form. 

('i"<ii,i..KA  TiiAxsfEcosENSis  Oragiu. 

Cuculhia   iKinsiMioHi'iish   rnsi",   '■'^TOl     Feiirtli   Anis.   Rept.   (!t-ol.   Survey 
■W-K-M.  lit.  •>.  p.  17.1. 

The  genus  Cuculla'a  is  not  represented  by  abundance  of  individuals 
in  any  of  its  -ipecies  in  the  rocks  of  the  Malone  formation  in  Texas, 
and  so  ran'  i-;  tlie  massive  and  ventricose  ('.  triiiixperom-iims  that, 
despite  careful  collecting  for  many  days  at  the  locality  which  yielded 
Messrs,  von  Sireeruwitz  and  Wyschel/ki  the  type,  the  hitter  stilt 
i-emaitts  the  only  iipecimen  known  oi  t\us  sipcwcs. 
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As  it  has  not  been  practicable  to  restudy  the  type,  the  original 
account  of  the  species  is  here  reproduced,  which  is  as  follows: 

ShoU  large  and  tliic-k.  ventricose  (subrhomboidnl?)  :  l)oak8  larsc  remote  from 
the  anterior  extremity,  their  summits  very  obtuse  as  viewed  from  tlie  side  or 
from  al)ove,  tlieir  apices  less  compressed  and  less  free  than  in  C.  tcrminalis  or 
C.  ffratioti:<^  anterior  dorsal  border  prominent  and  comi)rc»ss<Kl.  sul)aliform,  the 
surface  included  In^twoen  it  and  the  [anterior  &J  line  of  the  beaks  being  orna- 
mentcMl  with  raised  radial  lines,  |M>sterior  dorsal  angle  (api)arently)  shorter  and 
lower  tlian  the  anterior.  iKisterior  uml>onal  sIoik*  prominently  angulated,  the 
angulatiim  succee<lcd  on  the  inner  side  by  a  pronounced  suh'us.  which  is  in  turn 
limited  on  its  inner  side  by  another  angulation  less  prominent  than  the  first : 
hinge-area  broad,  divaricate-groovwl ;  anterior  lateral  denticles  four  (and  one 
rudimentary),  long,  strong,  and  horizontal,  their  abrui>tly  deflected  Inner  termi- 
nation being  relatively  very  short.     Mesial  and  posteritir  denticles  unknown. 

Ovcurrciwc. — C'olhH'ttMl  by  Mr.  von  Streeruwitz  al)out  1  mile  northeast  <?  of 
Malone,  Kl  Taso  County,  with  VcnuH  maloncnniH  ^  and  otlier  forms,  as  mentioncHl 
under  that  sp«H'it»s.     Comanche  series.*^ 

In  size  this  shell  ai)parently  exceeds  the  other  known  s|>ecies  of  Cuculla*a  from 
the  Comanche  scries  of  Texas. 

Cuci'LL-KA  CATORCEXS18  C.  and  A. 

CucuUwa   (Trifjonarcn)  ratarcrnsis  Castillo  and  Aguilera,   lSir>,  liol.  Com. 
Oeol.  Mex..  No.  1,  p.  r»,  1*1.  IV,  figs.  1,  4,  and  5. 

Two  small  CucuUa^a  casts,  of  medium  ventricosity,  obtained  lx>low 
the  lota  coiifi^lomerates,  1^  miles  east  of  Malone  station,  and  two  from 
above  similar  conglomerates  in  the  eastern  bas(»  of  Malone  Mountain, 
in  the  anticline  alK)ut  1  mile  north  of  its  southern  end,  are  referred  to 
the  young  of  this  species. 

The  following  is  a  translation  of  Castillo  and  Aguilera's  descrip- 
tion of  (■itrvllivn  raforrensift^  as  given  (loc.  cit.)  in  their  *'  P^nina  Fosil 
de  la  Sierra  de  Catorce : '' 

Shell  bulky,  very  convex,  of  (piite  variable  contour,  oval  in  the  young  exam- 
ples, sub(|uadrangular  in  those  which  are  more  develoiKHl,  and  subtrapezoidal 
in  the  adults.  Beaks  broad,  very  prominent  and  little  remove«l  from  one  another, 
.»^ituattKl  in  the  anterior  third  and  nearly  terminal  in  the  :idnlt  exanipl<»s.  pro- 
vidcMl  with  a  carina  on  the  anal  side.  Ruccal  region  very  much  more  sliort  than 
the  anal.  rounde<l  on  tlic  extremity,  a  little  excavated  near  the*  cardinal  border 


*  C.  terminalis  Con.  nnd  r.  f/raiioti  Ilili,  of  the  Comanclie  Cretaceous. 

*  Iteads  **  i>o.sterlor."  by  error,  in  tlie  original. 

«■  Tlie  KJinip  locality  Is  liereln  generally  called  **  IJ  miles  east  of  Malone  station."  and  l:i 
perliaps  a  little  short  of  the  latter  distance,  so  far  as  occurrence  of  the  larger  nuinlter  of 
the  fossils  is  concerned.  I  have  understood  that  all  of  the  fossils  obtained  from  thl'^ 
spot  In  1SJU»  were  actually  collected  by  Mr.  Wyschetzki ;  and  If  so,  the  name  of  Mr.  von 
Streeruwitz  was  probably  put  oo  tlie  label  in  view  of  bis  havlni;  lieen  In  charge  of  tlie 
trans-Pecos  division  of  the  Texas  survey. 

*  Aatartr  viulonrnnis  of  the  present  writing. 

'  For  explanation  of  the  manner  in  which  the  few  fossils  known  from  this  locality  in 
IHU'A  were  at  that  time  placed  in  the  Comanche  series,  see  Introduction.  Instead  of 
**  Comanche  series."  read  Malone  formation. 
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wltli  wlilcl]  It  T'lniH  iin  ui'utf  iiitHlc.  Ann!  t^glon  obllgu^lj'  tniiiontp  tin  IIh 
e3:treiuity.  exonialwl  or  ooni-Hvi*  In  tlio  Tlclnlt>-  of  tlie  Uiihe.  IhuH>!<l  l-y  ii  Hall- 
marked <.<urliia  wlilfh  triiv^rHex  the  xliell  from  Dip  lienk  iloivn  to  t1i«  ptMlorlor 
eitreiulty  at  lis  Juiiotluii  with  tlio  liifpflor  UinW  (if  Hit  bIh-II;  the  uirlun  Is 
gullo  iK'Ute  ticur  (lie  lieiili  Jiiiil  Vm-oint-a  more  otitniti-  in  iiri'ivrMuri  lie  It  it-iTcvlw 
fnnn  it:  tlie  unil>uiial  rPKlun.  11ms  flrnimwrllKil  lij-  thf  lunliuiiiil  cniit,  formi) 
a  Wirt  nf  rvrwli-t,  qiillo  nmrki-d  and  excumlod.  MMdlf  r^loii  or  tlic  flii-ll 
(»nvei  and  in  Ihe  tatra  of  a  trlnngle  liinllpd  by  the  anal  rrest  mill  llii-  otlifr 
Iran  dcvHiiiieil  wlili-li  wimriitcn  It  fnmi  the  bii.vnl  region;  tlie  inn.lor  miiviwlty 
of  tin-  ulii'll  If  JiiNt  iiilJiilwIUR  llie  nniil  cri^t  nrid  iii'iir  tlie  ImiUu.  l.i','iiun-utiil 
Hivii  not  vrry  ninHi  I'Xciiriitiil  iind  uf  reonhir  illnienniniiR.  Onrilinut  luinler 
utriilelit.  in  tMiuie  NjiecluK-na  ni-nrly  an  loiiR  rm  tlit?  r'iii'll.  Imt  hi  iiUfi-s  uiui-li 
Bluirtoi';  unterlor  biinlt-r  ol)Ili]iie)j'  roiiiided ;  luforliir  hnnler  niinrly  ntriilelil  "id 
parallel  to  the  cnrdlnal  iJOiilpr,  Jolnlns  hy  moiins  of  h  curv*  with  tlir  imKiwlor 
iHirtlcr.  wliU'ti  Ih  nlill(|uf,  nTlclitl.v  nirvt^d.  unit  In  tlie  jonui;  fornin  ncnrl.r  imv- 
allet  In  tiiL'  anterl'ir  Itordor.  Kurfiti-i'  of  tlit-  stiHI  iicuvlded  wltb  i-omvntrli'  tlnrs 
of  growth  which  hnre  RnrTenil  interrnt>tloni<  iinil  eoiiMtltnte  moro  or  Iohn  iinim- 
Ineiil  furrugiitlonH, 

I^nfctli.  (HI.<12  mm. :   lireuilth  with  tvlatlim  to  the  lenicth.  0.58. 

LMculity:  Arroyo   ilc    A1nnill«» Ihi'    Aliiiiiilnn    t-iiiiHi'i.    Iti   tlie   Sk-rni    >)e 

Cntorct. 

By  breadth  f'anrho")  in  the  above  Ls  meant  the  doi'w)- ventral 
dimension  cnlletl  height  by  some  writers.  The  lateral  breadlli,  railed 
ihickness  ("  espnsor  ")  in  the  "  Fauna  FoMil,"  is  ii<it  stRteil. 
I  The  n)Besivenei»>  uf  this  shell,  its  vcntricose  form,  its  broail  l)eaks, 
and  the  denian-ution  of  the  middle  from  the  posterior  iinil)nnjil  slope 
by  a  cariniforni  angulation,  are  features  which  might  seem  to  inde- 
cate  that  Cufvlfcn  fotorccnifla  shoidd  be  refen-ed  to  tlie  Tesan  C. 
trangpei^osensia ;  bnt  the  very  prominent  and  subterminal  beaks,  and 
(so  far  us  the  description  indicates)  the  al>sence  of  a  second,  or  inner, 
angulation  on  the  ]x>sterior  corselet  and  of  raised  radial  lines  on  the 
anterior  unibonal  slope  in  (J.  attorcensi'*,  appears  to  sufficiently  dis- 
tinguish the  latter  as  a  valid  species. 

Ctrctii.i..KA  rASTii.i.oi  sp.  n. 

Pi.  VI,  Hgs.  11.  12. 

Shell  of  moderate  size  in  the  genus,  short-trapezoidal;  ventricosity 
of  medium  dejrree,  greatest  considerably  above  the  middle;  ante- 
rior side  short,  rounded;  iiosterior  side  straight,  obliquely  truncate: 
base  gently  convex;  tlie  iiifero-posterior  part  of  the  shell  somewhat 
pointed,  owing  to  a  proniiiu-nt,  rapidly  rounded  slioulder  that  runs 
from  either  Iwiik  to  the  junction  of  the  ventral  with  the  posterior 
border,  seimniting  the  outer  convex  slojie  from  the  posterior  slope, 
which  liiltiT  is  strongly  and  eoncavely  depressed,  being  strongly 
inflecteil  ue:ir  the  shoulder  an<]  turriiiiir  oiitwiiril  again  about  midway 
of  its  extension  toward  the.  posterior  border,  to  form  a  prominent 
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and  sharp  keel  by  union  with  the  corresi)onding  border  region  of  the 
opposite  valve;  anterior  umbonal  slope  only,  feebly  angulated  or 
shouldered  ;  l)eaks  narrow,  high-arched,  approximated,  placed  slightly 
in  advance  of  the  middle  third;  flank  region  marked  with  concentric 
growth  lines;  posterior  sloj^e  finely  and  closely  striate.. 

Meamirements, — Height,  39  mm.;  length,  about  48  mm.;  breadth, 
al>out  34  mm. 

Occurrence. — ^Two  examples  were  collected  by  Doctor  Stanton  in 
foothills  at  the  northwest  end  of  Malone  Mountain,  about  2  miles 
east-southeast  of  P^inlay  station.  Neither  shows  the  ornamentation 
of  the  anterior  slope. 

The  si3ccies  is  named  for  the  late  Prof.  Antonio  del  Castillo, 
founder-director  of  the  Geological  Institute  of  Mexico. 

ISrUCULIDJE. 
Genus  LEDA  Schumacher. 

LeDA  ?  NAVICULA  Sp,  U. 

PL  VI,  fig.  13. 

Shell  fairly  well  inflated,  elongate-ovate,  anteriorly  not  shortened, 
posteriorly  produced  and  gradually  narrowed  or  subrostrate;  the 
anterior  subhorizcmtal  and  posterior  gently  declined  partes  of  the  dor- 
sal side  each  forming  a  small  concaA^ity  adjoining  the  beak,  anterior 
side  rounded,  base  long  and  straight-convex  for  the  greater  part,  its 
posterior  part  ascending  obliquely;  beak  small  and  little  salient, 
placed  a  little  back  of  the  anterior  third. 

Measurement fi, — Height,  11.5  mm.;  length,  25  mm.;  breadth,  about 
10  mm. 

Occurrence. — A  cast  of  a  left  valve  w^as  found  embedded  in  the 
rock  fragment  lx»aring  one  of  the  specimens  of  Vnicardium,  Hemho- 
tundum  collected  by  Doctor  Stanton  at  the  anticline  on  the  east  slope 
of  Malone  Mountain  about  1  mile  north  of  its  southern  end. 

A  cast  of  a  small,  posteriorly  produced  lamellibranch,  which  was 
supposed  in  the  field  to  Iw  one  of  the  Nuculidap  and  Avhich  may  have 
l)een  a  I^eda,  Avas  observed  in  Theta  a  mile  and  a  half  east  of  Malone 
station.  It  was  accidentally  destroyed  in  attempting  to  remove  it 
from  the  matrix.  A  rough  sketch  of  it,  preserved  in  my  notes,  indi- 
cates a  shell  similar  in  form  to  that  above  described,  but  smaller.  It 
may  be  referred  to  Leda?  navkmla,  but  is  represented  as  having  the 
margins  crenulated,  while  this  character,  if  it  belonged  to  the  latter 
species,  can  not  be  distinguished  in  the  type  as  preserved. 
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TRICK  )]SriIi:)yK. 

r.eiius  TRIGONIA  Brug. 

Tki(!onia  VTacHETZKii  Cmgin. 

ri.  VIII.  flgs  1.  2;  PI.  IX,  flgn.  i-a. 

Triffioiia  riM-lirlil.H  fvndin.  1«I3.  Kourrb  .Min.  Hopt.  (Ji-ol.  Survey  Tex., 

|i.  -Jir.;   iiiid.  18117.  Jonr.  (k«l..  vol.  ij,  No.  H.  |.|i.  SH',,  R17. 
ff,  rrif^jiifa  mtouvreui  Felix,  18!l!,  llpitr.  (;i-.i!.  n    I'lil    Mex, 

I'l.  xxvii.  flg".  2,  ;;ii. 


■*^ 


Shell  Inrge,  of  raodprato  convexity,  tmnsversely  RiilMumdratf ;  ix>m- 
lero-dorsal  side  Rtrai{;ht;  anterior  snd  posterior  sidi-s  truucnio;  biisir 
gi^ntly  cnrvpil ;  Ix-aks  only  inodprntciy  Hri'hwl;  urea  flattened,  ocni- 
pying  ai«iiit  tine-fdiirth  of  tho  valve.  Ijordered  above  and  below  by  ii 
tubiTouIalfd  ridgii  or  uugiilHtiun.  iiiul  Iravci-sed  by  a  median  groovt 
which  IK  accompanied  by  a  third  Hiich  ridge  lewM  developed  than  thow- 
of  iho  border,  a  large  distal  pari  of  it  oliliquel.v  crossed  in  most 
instunc<«  by  iiunieroiis  strong,  mori'  iii'  K-ms  iii-egiilnr  and  interrupted 
folds,  or  oriiamenteil  on  the  pn>\ii[iii1  piirt  with  rows  of  tnbereUw 
by  whose  increasing  confluence  on  the  intermediate  and  distal  parts 
the  folds  are  pi-othieed.  the  tuliereidar  eniliniLrf  of  theH"  folds  nsiialty 
descending  across  the  entire  oiUer  slojx"  <if  l!ie  lK>initliiig  ridge.  «nit 
in  some  cases  even  passing  a  little  lieyond  it:  escutcheon  depre!«*<I. 
iros,sed  with  a  series  of  transverse,  somewhat  oblique,  straight,  or 
in  part  slightly  curved,  tul)ercnlar  eostelhe;  preiireal  surface  orna- 
mented with  about  ir>  gently  curved  mxlose  costa>,  which  are  suh- 
verticnl  near  the  iiifraureni  ridge  and  make  with  the  latter  at  first 
au  acute  an<l  then  approximately  a  right  angle,  desctmding  for  the 
most  part  obliquely,  though  steeply,  to  the  base;  the  costie  attenuated 
and  simpler  near  the  area,  Incoming  resolved  into  irregtdarly  more 
and  uioiv  robust  nodes  as  they  n'cede  from  it.  the  posterior  and  int*T- 
meiHate  cosl«'  thus  enlarging  throughout,  while  a  few  of  the  shorter 
anterior  ones,  turning  forward  at  their  lower  ends  acro»i  the  flat- 
tened front  of  the  shell,  are  here  again  reduced  to  nearly  simple 
ridges  which  <lwiiKl!e  and  disappear  l)efoiv  reaching  the  valve  mar- 
gin; nodes  mostly  close  ranked,  commonly  12  to  Ifi  on  the  larger  ribs 
of  adult  shells,  rounded,  often  more  or  less  compres.sed  so  as  to  trend 
with  the  growth  lines,  a  rib-  often  having  a  single  very  large  node 
nej:r  the  basal  margin  of  the  valve  especially  thus  elongat«'d;  inter- 
vals Iwtwcen  the  costa;  coai-sely  concentrically  striate.  The  sepamtion 
of  the  siphonal  curreiils  is  indicated,  as  in  the  Chivellntie  and  Scabra', 
by  a  ridge  on  the  interior  of  the  shell.  The  ornamentation  shows  con- 
siderable mutability,  and  a  variety  occurs  in  which  the  entire  area 
is  covered  with  small  conii)ressed  liil>ercles.  In  one  s]K!ciinen  the 
cosle]]w  of  the  escutcheon  are  siini>lc. 
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Meas}irementH, — Approximately,  height,  76  mm.;  length,  87  mm.; 
breadth,  50  mm.  Two  very  young  examples  have  these  dimensions, 
respectively,  10,  17,  10,  and  25,  27,  15  nmi. 

Occurrence, — So  far  as  the  collections  show,  this  Trigonia  does  not 
occur  in  the  Malone  district,  except  in  the  Malone  Hills  and  in  the 
Theta  subdivision  of  the  Trio  section.  In  these,  however,  IJ  miles 
east  of  Malone  station,  it  Ix^comes  numericallv  one  of  the  commonest 
fossils  of  the  Malone  formation.  In  the  rich  collecting  tract  there, 
on  the  basal  slopes  of  the  Truncate  mound  and  the  southeast  base  of 
hill  C  of  the  Trio,  and  especially  on  the  western  basal  slope  of  the 
former,  it  was  found  by  scores,  in  one  or  two  places  l)eing  agglomer- 
ated in  l)eds,  mingled  more  or  less  with  other  fossils.  Between  75 
and  100  specimens  of  it  are  represented  from  this  tract.  But  if  the 
shells  of  other  Malone  fossils,  as  here  preserved,  prove  fragile  under 
the  rigorous  temperature  changes  of  a  plateau  climate,  that  of  Tri- 
gonia vyHchetzkii  is  so  especially,  and  of  the  large  number  collected 
many  are  in  half- released  fragments,  and  comparatively  few  make 
even  tolerably  fair  cabinet  specimens.  I  also  found  this  fossil  about 
half  a  mile  west-northwest  of  this  locality  on  the  south  side  of  the  flat 
saddle  that  separates  the  Trio  from  the  low  g^^psum- parted  ridge 
which  continues  the  hill  range  in  that  direx^tion. 

The  serie  i  of  quadrate  pits  mentioned  by  Lycett «  and  cited  by 
Steinmann  ''  as  occurring  posteriorly  on  the  interior  of  the  valve  near 
the  ventral  margin  in  Quadrata*,  is  lacking  in  T,  rt/schefzkii  The 
form  differs  from  that  of  the  Quadrata?  and  agrees  with  that  of  the 
Clavellata'  in  InMug  considerably  longer  than  high,  yet  agrees  with 
Quadrata*  and  differs  from  Clavellatie  in  being  quadrilateral  instead 
of  subtriangular.  In  having  the  escutche(m  ornamented  and  in 
some — usually  slight — ttMidency  which  the  areal  folds  manifest  to 
infringe  on  the  general  surface  below  the  limiting  angle,  on  the  pos- 
terior region,  the  shell  agrees  w  ith  the  Quadrata*. 

The  T,  ri/Hrhcfzh'ii  is  thus  seen  to  Ije  closelv  related  to  the  South 
American  T,  fr<nisiforf(f  Steinm.,  upon  which  and  the  related  7\  her- 
zo<fi  Hausmann,  of  South  Africa,  Steinmann,  in  1882,  propostnl  to  a<M 
Psend o-Q uad rat(v  '^  to  the  previously  known  sections  of  Trigonia.  Its 
profile  is  usually  less  elongate  and  the  ornamentation,  especially  that 
of  the  area  and  escutcheon,  less  coarse  than  in  T,  tnuisitoria^  the 
folds  of  the  area  descending  the  lower  slope  of  the  limiting  angle,  but 
descending  only  a  little  (sometimes  not  at  all)  Ik»1ow  it  on  the  pos- 
terior region. 

Normal  (;asts  of  Ti^hfonla  vyschetzJcii  are  differently  proportioned 
from  that  which — from  Tlaxiaco,  Mexico — Doctor  Felix  figures  as 


••  Mon.  Brit.  Koss.  Triton.,  p.  KKK 

*  Neiiea  .Tahrb.  filr  Mineral..  1882,  vo\.  \,  v-  --^^• 

'•  hoc.  cit,  pp.  219-228,  Tla.  Vll-lX. 
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the  type  of  his  7'.  nologurcni,*  a  shortei",  more  elevated,  and  minh 
more  ventrieose.  form  being  indicut«d  for  tin?  laltor  spewes.  But  the 
cast  of  T.  nyMhHzkil,  in  one  or  two  of  our  ttpeciinens,  somewtint 
approaches  that  of  7'.  xologureni  in  form,  while  several  species  of 
fossils  are  cummoti  to  Maloue  and  Tlaxiaco;  so  that  it  is  detiimblc  to 
compare  actual  shells  of  these  two  species  with  one  another  as  well  as 
with  the  shell  of  T.  trntmitoria. 

^^^H  Tiii<K>.viA  riiiniiKi.Mi  Cmgin. 


TriijiiHin  iiuntlillil  CTag\u.  1W.I7.  Jcinr.  CcdI..  viiI.  ",  ji.  SIil. 

Shell  of  about  medium  size  in  its  gennn,  produced  ovate,  renlricose; 
valves  thick ;  V>eaks  situated  near  the  rear  limit  of  the  anterior  fourth, 
low,  strongly  inflated,  in  contjK't,  their  posterior  slojje  strongly  ungii- 
_  lated  to  form  the  limiting  angle  of  the  area;  area  flattened,  nearly 
plain,  haWng  numerous  fine  oblique  growth  lines,  with  a  few  small 
folds  crossing  it  near  and  conn>ntric  to  the  beaks,  these  folds  being 
continuous  of  and  making  an  angle  with  thust*  in  front  of  the  nrea, 
some  low  tubercles  along  the  marginal  angles,  and  a  faint  mesinl 
sulcus;  escutt'heoa-  bearing  only  inconspicuous  folds  which  radiate 
from  the  ligament,  those  of  the  |>ro?EimnI  part  being  nearly  transverse 
to  the  length  of  the  escutcheon  and  continuous  with  those  of  the  cor- 
responding part  of  the  area;  general  ornamentation  consisting  of  a 
series  of  I'ibs,  which  on  the  posterior  part  of  the  preareal  surface 
are  large,  obtuse,  and  plain  or  subtuberculated,  separated  by  ronnd- 
Ixtttomed  valleys  of  about  their  own  width,  and  descend  almost  verti- 
vaUy  (the  earlier  ones  more  obliquely  forward)  from  the  inferior 
Iwnler  of  the  area,  increasing  in  size  each  to  an  elbow-like  angle,  at 
which  they  turn  abruptly  forward,  becoming  reduced  in  size  to 
costelhi'  in  front  <)f  these  elbows  and  partially  i-esolved  each  into  a 
series  of  sunill  tubereles.  these  costella-  being  accompanied  each  by  one 
or  two  similar  ones  in  the  intervals  l>otween  them,  the  costelI»>  dimin- 
ishing gradually  in  size  and  swinging  into  the  course  of  ordinary 
growth  lines  on  the  anterior  region,  and  there  becoming  continuous 
and  like  strong  reversed  imbrications,  each  presenling  its  acute  and 
nion'  elevated  border  doi'sad.  The  series  of  costal  elbows  radiates  at 
first  downward  and  then  obliquelv  downward  and  backward  from 
the  beaks. 

M(-it«iiremeiitn. — Height.  42  mm.;  length,  about  58  to  GO  (plus?) 
mm. ;  breadth,  85  mm. 
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Occurrence, — One  and  a  half  miles  east  of  Malone  station.  Be- 
sides the  original  example  which  the  Me-ssrs.  Goodell  discovered,  and 
from  which  the  illustration  and  measurements  have  been  taken,  17 
other  imj>erfect  specimens  and  fragments  were  obtained  at  this 
locality,  some  of  them  indicating  dimensions  ixjrhaps  a  fourth  larger 
than  those  of  the  type. 

It  will  be  seen  from  the  description  that  the  ornamentation  of 
T,  goodelUi  is  variable.  This,  however,  Ls  true  of  most  Trigonias, 
and  not  least  so  of  those  of  the  section,  Undulata?,  to  which  this  species 
l)elongs. 

None  of  the  Old  World  TJndulatcp  known  to  me  corresponds  very 
closely  with  T,  goodellU.  Several  of  those  from  the  (xreat  0<")lite, 
which  is  so  rich  in  Tlndulata*,  bear  more  or  lei>s  resemblance  to  it;  but 
the  strict  analogue,  if  found,  may  be  expected  to  occur  in  the 
Tithonian. 

The  species  was  named  after  the  late  Mr.  Robert  Wood  Goodell, 
whose  kind  services  in  assisting  me  to  determine  the  age  of  the  Malone 
formation  I  have  particularly  acknowledged  in  my  article  on  the 
"  Discovery  of  marine  Jurassic  rocks  in  southwestern  Texas,"  the 
paper  in  which  the  species  was  first  briefly  characterized  and  named. 

A  Trigonia  cast,  showing  nothing  of  the  ornamentation,  but  indi- 
cating the  general  form  of  T,  goodelUi^  having  still  larger  dimensions 
than  any  of  the  above,  and  belonging  not  improbably  to  this  species, 
was  obtained  by  Doctor  Stanton  from  conglomerate  on  the  west  face 
and  near  the  top  of  Malone  Mountain.  It  gives  the  following  meas- 
urements: Height,  02  mm.;  length,  72  mm.;  breadth,  46  mm. 

Trigonia  calderoni  (C.  and  A.). 

PI.  IX,  fig8.  4-(i. 

(ioniomya  calderoni  Castillo  and  Aguilera,  1895,  Bol.  Com.  Geol.  Mex.,  No. 
1,  p.  9,  PI.  v.  figH.  17.  18. 

Shell  elongate-trapezoid,.  very  inequilateral,  moderately  inflated, 
the  region  of  greatest  convexity  extending  from  the  umbones  down- 
ward and  backAvard;  anterior  region  relatively  short  and  of  consider- 
able height  relative  to  the  posterior,  the  anterior  contour  rounded: 
posterior  region  strongly  produced  backward  and  inclined  a  little 
upward,  gradually  and  strongly  tapered  toward  its  extremity,  which 
is  obliquely  truncate  and  looks  backward  and  upward,  its  flanks  more 
or  less  flattened ;  base  gently  convex  below  the  beaks,  ascending  thence 
anteriorly  in  an  easy  convex  curve  and  posteriorly  slowly  in  a  long 
and  nearly  straight  line;  beaks  but  moderately  ejevated,  their  apices 
curved  inward  and  somewhat  backward  and  downward;  escutcheon 
rather  large  and  long,  plain;  area  of  moderate  width,  flattened,  trav- 
ersed lengthwise  by  a  mesial  groove,  and  trawsvet^Vj  \\\v<i"ajt-^vr»Xft.^ 
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tlio  ]ilicules  Hi'pnrHtwI T>y  strise;  prearoal  surface  oniainentcd  with  two 
sreta  of  ribs,  of  which  t.h«  anterior  ribs  aru  acut«,  iiinvardly-imbricat^, 

I  reiiiirt*.  Mibliuriisonlal.  with  goritle  sigmoid  flexuiv,  presenting  »  alight 
upward  convexity  below  thu  boalt^  and  a  downward  one  farther  for- 
ward, and  alternately  reach  the  more  anterior  rib:*  of  the  other  set; 
jKisti'Hor  rilw  thit'lcer,  more  obtnse,  and  more  niirrowly  intervalwl 
"  than  the  antt'rior.  nearly  ntraight,  and  directed  steeply  downward  and 
bnekwiird  from  the  limiting  angle  of  the  areti.  Ihe  |>rii\imai  of  these 
Iieing  Ihe  more  nearly  vertical  and  the  distal  atul  iiidcpi'iicji'iii  niii-s 
more  ublitiue,  Ihe  intermediate  ones  being  the  longest.  Slight  irregu- 
larities iiometime^  apjiear  in  the  eoiirsc  of  the  anterior  ribs,  etieh  of 
which,  in  one  example.  l»eurs  a  Muiall  dorsally  directed  angle  at  the 
^luninit  of  its  infmumltonal  convexity. 

Meiiitnrement». — One  of  the  Texan  examples,  which  has  a  length 
of  r)H  mm.,  indicates  for  the  shell  in  part  restored,  ii  height  of  3^  mm. 
and  a  breadth  of  '2,'A  mm.,  approximately. 

Oeewnvnce, — The  Malone  formation  yields  this  fossil  ratlier  spar- 
ingly. Eleven  s|)ecimens  and  chariictoristie  fragments  an-  repre- 
sented. Kight  of  thes*  are  fn>m  the  Malone  Ilills,  IJ  miles  cast  of 
Malone  station;  the  others  were  collected  about  a  mile  east  of  Finlay 
station. 

,  In  the  character  of  the  preureal  ornamentation,  the  sp<>cies  pre- 
sents ronsiilerable  resemblance  to  /"m/"'"'"  ■■"'/'■"tiin'n  Lamarck,  jis 
fignmi  by  Lycett  on  Pis.  XXVI  and  XXVIII  of  his  British  Fossil 
Trigoniie,  a  s|wcies  which  has  been  referred  to  the  Undulatse,  bnt  is 
shown  by  I-ycett  to  Iwlong  to  the  Scabni-.  The  plain  escutcheon, 
however,  at  once  separates  7'.  nifdcroiii  from  tiie  Scabra',  and  the 
siinie  ami  all  of  the  other  external  characters  refer  it  to  the  Undu- 
lata-. 

Trioonia  I'ltoMCAmtA  sp.  n. 

I'l.  X.  riKw.  :t-t!. 

Shell  small,  crescen tic- ovate  or  snbsemicircniar,  the  upper  border 
sli-ongly  excavated,  anteriorly  inflated,  gnidnally  iMH.'oming  more 
eom|)rcsseii  toward  the  posterior  extremity;  U-aks  somewhat  pni- 
diKred  and  recnrved;  escutcheon  large,  broader  than  the  area,  orna- 
mented with  rather  remote,  coarse,  but  not  very  strongly  elevated, 
(ib]ii|nc  costellie;  area  flattened,  narrow,  transversely  linear-plicate, 
traversed  by  a  mesial  depressed  line,  and  Ixmnded  both  above  and 
Im^Iow  by  a  row  of  tiil)erc!es,  those  of  the  lower  row  surmounting  a 
ilistinct  limiting  ridge  and  larger  than  those  of  the  prciireal  costie 
opj)Osife  whose  terminations  they  aiv  placed;  the  areal  plications, 
though  fine  and  numerous,  are  mostly  separated  by  intervals  wider 
lb;in  tJjcujselves ;  ]»reareal  surface  denticulate-costate,  the  denticles 
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cuneiform,  each  consisting  of  a  superior,  compressed,  tul)erculiform 
Iiead  and  an  attenuated  cariniform  process  which  dwindles  to  a  point 
Iwlow,  crossing  the  h)nger  and  gentler  posterior  costal  slope,  hut  not 
crossing  the  fundus  of  the  intercostal  valley  quite  to  the  base  of  the 
comi^aratively  abrupt  anterior  costal  face.  The  costa*  are  moderately 
interspaced,  becoming  rather  widely  intervaled  when  the  sh'.41  attains 
the  adult  size.  A  small  flattened  tract  formed  by  the  conjoined 
antcro-dorsal  margins,  is  minutely  wrinkled  transversely  to  the 
margins,  as  the  earlier  ribs,  tefore  reaching  the  margin,  In^come  sud- 
denly reduced  and  changed  to  minute  linear  folds,  paralleled  in 
their  intervals  bv  similar  folds,  of  which  there  are  two  in  each 
interval. 

MeaHuramcnts, — Height,  al>out  30  mm.;  length,  30  mm. ;  breadth, 
21  nun.  One  specimen,  represinited  by  a  considerable  part  of  a  right 
valve,  indicates,  with  a  breadth  of  alx)ut  the  same  or  a  ujillimeter  less, 
a  height  and  length  2  or  3  mm.  greater.  Young  examples  are  rela- 
tively shorter,  or  more  elevated,  one  such  example  having  height  20 
m\n,;  length,  20  nun.;  breadth,  14  mm. 

Orcein  en  f(\ — One  and  a  half  miles  east  of  Malone  station.  About 
35  specimens  are  represented,  many  of  them  only  by  fragments.  A 
crushed  spe(!imen  from  this  locality  has  the  costal  and  areal  orna- 
mentation except iomilly  well  preserved  and  shows  an  almost  spinous 
prominence  of  the  denticles,  A  cast,  representing  the  anterior  two- 
thirds  of  a  right  valve  on  which  the  costa^  are  indicated  as  plain 
undulations,  obtained  by  Doctor  Stanton  about  1  mile  east  of  Finlay 
station,  is  supposed  to  belong  to  this  species,  but  may  represent  T, 
prwittriata. 

Triffonla  pvosrahra  pre.sents  i^oints  of  resemblance  especially  to  two 
of  the  secticms  of  its  genus,  and  does  not  agree  entirely  with  either. 
It  may  l)e  regarded  as  one  of  the  Clavellata*  which,  both  as  to  form 
and  preiireal  ornamentation,  has  assumed  the  habit  of  a  conmion 
phase  of  th*»  Scabra'.  In  having  an  ornamented  escutcheon  it  differs 
from  the  typical  Clavellata*,  though  not  from  the  Pseudoquadrata* — 
which  are  intermediate  between  Clavellata:  and  Quadrata\  In  hav- 
ing the  area  bounded  on  each  side  bv  a  row  of  tubercles  and  below  bv 
a  pronounced  limiting  ridge  it  res(»mbles  the  Clavellata?. 

Tki(;()nia  pr^kstriata  sp.  n. 
PI.  X,  fig.  7. 

Shell  small,  crescent ic-ovate,  only  moderately  inflated ;  area  strongly 
and  closely  striated  in  a  direction  oblique  to  its  length,  bounded  l^elow 
by  a  rather  strongly  compressed  and  prominent  limiting  ridge  or 
angulation;  preiireal  ribs  i\bout  12  or  14  in  number,  coarse,  remote, 
and  strongly  elevated,  descending  divergeivlVy  a\\^  tot  ^^  \v\Qf^\.  ^%s\» 
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]iKiio  or  lo-'is  yprtically,  and  increasing  ruthor  rapidly  in  size  from  the 
limiting  angulatiun  to  the  vc-ntral  and  aiiti>rior  borders,  aliont  twitw 
:BB  wide  as  the  plain,  flattiHli-rancave  intervals  tx-tween  thoin.  their 
Buimnils  obtuse  and  strongly  and  a  little  obliquely  cmsss-wtrtatpd  in 
Btich  a  manner  that  the  striation  is  visible  if  the  rilw  are  viewed  tan- 
geiitially  from  in  front,  but  invisible  if  so  viewed  from  liehind. 

3feaJiurem^ttn. — Height,  21  mm. ;  length,  30  mm. :  breadth.  10  nun. ; 
Dpproximutely. 

Orcui-remc. — A  single  mold,  represonting  the  greater  part  of  n 
right  valve  in  excellent  dolail,  is  the  type  and  only  known  specimen. 
It  wBfi  obtained  by  Doctor  Htanlon  on  the  east  slope  of  Malone  Mmiii- 
lain.  near  its  southern  end,  200  or  300  feet  above  the  gypsum  Iwd  that 
there  forms  the  mountain's  base.  It  lacks  the  cscutt'lieon,  the  )ipi>er 
part  of  the  area,  and  the  umbonal  apex,  but  the  exterior  characters  of 
nearly  all  of  the  rest  of  the  shell  iiuiy  \rv  readily  observed  cither  in  the 
moid  or  on  tlie  giitta-perrha  squeeze  tnken  from  it.  The  specicfi  is 
referred  to  the  section  ScabrK'. 

Triounia  munita  sp.  n. 

PLX,flgM.t!Hl. 

Slicll  ov:ite-pyraniidal,  of  medium  or  rather  large  si/,e  ntiiung  its 
»>ngeuers,  mo<lcrateIy  ventrico^,  ratlier  elevated:  valves  thick:  urea 
t^lniTigly  fliitleiied.  separated  from  llic  preiireal  yiirfiur  by  a  very 
large  and  ])romirient.  obtuse,  somewhat  imbricated  radial  costa,  pre- 
ceded by  a  furrow,  the  areal  surface  lieing  ornamented  with  two 
rather  stnmg,  not  widely  separated,  cariniform  radial  coHta?,  which 
iire  separated  from  each  other  by  an  interval  that  is  rather  narrow  as 
compared  with  that  l>etween  either  costa  and  the  corresponding  areal 
Imrder,  and  several  similar  but  smaller  costellie  or  rays,  there  being  at 
least  two  such  rays  in  the  anterior  interval;  preareal  surface  orna- 
mented with  (271  to  30?)  strongly  and  rather  abruptly  elevated  con- 
centric rilis.  which  resemble  low  walls,  terminate  almost  abruptly  at 
the  prcjireal  furrow,  and  are  in  large  part  only  about  half  as  wide  as 
the  flattish-conaive  intervals  betwcL'n  them. 

Mfii/iinrmmtK.- — These  can  not  be  exactly  given,  owing  to  the  imper- 
fection of  the  material,  but  about  the  following  dimensions  are  appar- 
ently imlicated  in  one  instance:  Height.  70  nun.;  length,  7."t  mm.: 
breadth,  42  mm.     In  another  the  height  is  about  80  mm. 

Occiinvnce. — Uepresenteil  by  three  very  imperfect  specimens  and 
a  nnmlx'r  of  characteristically  ornamented  fragments.  One  of  the 
sixH-imens  wen^  obtained  by  Doctor  Stanton  near  Die  south  end  of 
Malone  Mountain,  wi-^t  face,  jiear  top.  and  another  west  of  the  moun- 
tain, about  2  miles  west  of  Malone  station.  The  ri'mainder  of  the 
material  is  from  the  locality  1^  luilea  cast  of  Itlulone  station.     All  of 
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the  known  material  represents  the  adult  condition,  or  at  least  rather 
large  size,s  of  the  shell,  unless  the  two  specimens  described  under  the 
head  of  Trigonia  rudicostnta  should  be  interpreted  as  the  young  of 
T.  munltn.  This  species  with  the  two  that  follow  belongs  to  the  sec- 
tion Costatoe. 

Trigonia  rudicostata  sp.  n. 

PI.  XI,  figs.  1.  2. 

Shell  small,  ovate-pyramidal,  nearly  straight  (slightly  convex)  on 
the  postero-dorsal,  broadly  convex  on  the  ventral,  and  less  broadly  so 
on  the  anterior  side,  inflation  intermediate  in  degree;  beaks  situated 
at  rear  limit  of  the  anterior  fourth,  prominent  and  acute  at  the  com- 
pressed and  transversely  placed  summit,  excavated  on  the  posterior 
side,  turned  inward  and  somewhat  backward ;  area  nearly  flat,  shallow- 
concave  on  its  proximal  part,  wide,  making  with  the  preiireal  sur- 
face an  angle  greater  than  a  right  angle,  and  separated  from  it  by  a 
compressed,  prominent  radial  costa,  which  is  larger  than  any  other 
costa  of  the  shell,  the  area  posterior  to  this  costa  being  ornamented 
with  4  or  5  similar  but  narrower  and  smaller  rays,  between  each  two 
of  which  are  3  to  5  still  smaller,  strongly  elevated,  linear  rays  or 
co.stella^,  the  intercostellar  spaces  being  at  least  as  wide  as,  or  for  the 
most  part  wider  than,  the  rays  themselves,  preareal  surface  orna- 
mented with  about  25  strongly  elevated,  round-topped  ribs  which 
parallel  the  basal  margin  and  are  mostly  slightly  wider  than  the 
intervals  between  them.  There  are  7  of  the  horizontal  or  concentric 
ribs  in  the  lower  half  in  one  specimen  and  10  on  the  lower  10  mm.  in 
another. 

Mea^HurcTncnts. — Height,  23  mm.;  length,  27  mm.;  breadth,  16.5 
mm. 

Occurrence, — The  two  specimens  in  the  collections  were  obtained  IJ 
miles  east  of  Malone  station. 

Although  the  material  thus  far  available  for  study  indicates  be- 
tween T,  rudicoHtata  and  7\  munita  differences  of  both  radial  and 
concentric  ornamentation  too  marked  to  be  ignored,  it  is  quite  possi- 
ble that  new  material  from  localities  known  or  vet  to  be  discovered 
may  show  that  these  differences  are  due  to  conditions  of  age  or  indi- 
vidual variation;  for  it  is  noteworthy  that,  except  the  types  of  T, 
rudicostata^  no  Costatic  even  approaching  what  we  should  predicate 
for  the  young  of  T,  munita^  have  been  found. 

Trigonia  conferticostata  sp.  n. 
PI.  XI,  flg.  3. 

Shell  small,  subtriangidar,  of  the  section  Costatae,  apparently 
more  elevated  than  T.  rudicostata;    posterior  ax^«L  ^:o^\i^\X»X^  ^S^jia. 
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liiH'iii-  iiiys,  iif  wliicli  tlicrc  tiro  5  to  7  smaller  in  tho  slmilow-aniaivr 
iiiUTViil  Iwtwpen  each  two  of  the  lar^r;  n  largx'  rmlial  rib  aiite- 
I  ritirly  limiting  the  areu;  pre^rcal  mirfa(»>  nriianieiited  witli  aliuiit  40 
atnwigly  eleviitt'd  concentric  rilw  wliii'h  aro  imicli  finer  than  those  of  7'. 
Tfidk:imt<it.a  nnd  iHitwwii  one  imd  n  lialf  liiiie-s  tint)  twioo  us  ninuLTOiiK, 
unci  are  sfpanited  by  interviils  previiilingly  narrower  than  thwm- 
selvcs.  In  a  specimen  smaller  than  the  liirgest.  I»iit  which  nearly 
corresponds  in  size  with  the  type  of  T.  rui/ktrntaffi,  there  arc  15  rilis 
oil  the  lower  10  mm.  of  height  of  the  vnlv(%  sh  i-iimparp*!  with  10  on 
the  same  part  of  the  height  in  the  said  example  of  7'.  nulirontata. 
As  against  7  ril>s  included  in  the  lower  half  of  J'.  /•Hiluantufti,  there 
are  in  one  specimen  of  ronferticnntata  not  less  than  12,  and  ui  another 
14  in  the  corresponding  half. 

Mi-iiKiiri-w'iitK. — The  dimensions  can  not  be  accurately  given.  The 
height  (if  the  lurge.->t  siwuinicn  is  alxnit  S>1  mm.  An  apparently 
cnishcd  and  abnormally  Hongalwl  speeiniwi  gives  upproximnUdy: 
Height.  2^  mm.;  length,  SO  mm.:  breadth,  l.'i  mm. 

Oiciinrnce. — ^The  spet'ics  is  represented  by  mie  nearly  complele 
bIioII,  two  considerable  portions  of  valveii,  and  a  few  fragmwiits;  from 
Io<'niity  I J  miles  east  of  Malone  station.  The  shell  fragment  col- 
lected in  189.'>  by  the  Messrs.  Goodcll,  and  wliich  1  referrr-d  to  in 
volume  .5  nf  the  joiiniat  of  Geology  {p.  SIT)  as  "  possibly  a  Trigonjo 
of  the  sec-tion  Coytativ,"  is  of  this  s])Ci.-ies.  -^ 

ASTARTII)^. 
Genus  ASTAKTP:  Sowerby. 

ASTAKTI!    »RK\l.VtXlLA  Sp,  n, 
i'l.  XI.  Or.  4. 

r.  Uet.1.  u,  I'lil.  Mrs.,  pt,  3.  p.  179,  PI. 

The  locality  IJ  miles  east  of  Malone  station  yielded  frequent  ex- 
amples of  this  fossil.  They  agree  fairly  well  with  Doctor  Felix's 
description  of  Ast^wte  microp/iyes,  but  not  with  his  figure.  As 
regards  the  peculiar  disposition  of  the  ribs  which  is  given  for  .1, 
mu-ropkijix.  the  tendency  to  posterior  angidar  bending  is  well  shown 
in  most  specimens  of  the  Malone  .\starte.  but  a  tendency  to  anterior 
Miiguhir  bending  is  little  or  in  some  cases  a(tparently  not  at  all 
ex|tre,ssed.  If  the  Cerro  de  Titania  and  the  Malone  siJecimens  are 
referable  to  one  and  the  same  species,  »iirri>p/n/i'n,  as  seems  hardly 
possible,  the  form  of  that  species  is  not  quite  eorrectly  shown  in  the 
original  figure,  as  the  anterior  part  of  the  doi-sal  line,  instead  of 
sloping  like  the  |>osteri<ir  jiart.  is  slnmgly  excavated  jnst  in  front  of 
the  beaks  in  all  of  the  Malone  s{)ecimens  in  which  this  part  of  the 


CRAQiN.I  DESCRIPTIONS   OF   SPECIES.  65 

shell  is  shown.  The  triangular-ovate  to  quinquelateral  outline  pre- 
sents dorsally  a  nearly  straight  incline  back  of  the  beaks  and  is 
strongly  excavated  in  front  of  them ;  has  a  long,  gently  convex  base, 
and  is  posteriorly  or  infero-posteriorly  truncate,  and  narrowly 
rounded  anteriorly.  The  shell  is  quite  strongly  compressed,  and  the 
ribs  of  either  valve  reach  11  in  number.  The  ribs  are  coarse,  strongly 
elevated,  gently  compressed,  and  separated  by  round-bottomed  inter- 
vals a  little  wider  than  themselves.  Of  more  than  GO  specimens 
collected  from  east  of  Malone,  a  single  one,  among  the  young  exam- 
ples, is  quite  ventricose,  gapes  slightly  in  the  interval  between  two  of 
the  subdistal  ribs,  and  exposes  there  a  double  and  interlocking  set  of 
strong  denticles  like  those  of  the  internal  margins  of  the  adult  shell. 

Measurements, — The  specimen  figured  has  the  following  dimen- 
sions :  Height,  10  mm. ;  length,  14  mm. ;  breadth,  4  mm.  In  less 
perfect  examples  a  height  of  12  mm.  and  a  length  of  16  mm.  are  indi- 
cated. 

AsTARTE  MALONENSis  Cragin. 

PI.  XI,  figs.  10,  31;   PI.  XII,  flgs,  1-3. 

\enu%  malonensis  Craglii,  1893,  Fourth  Ann.  Rept  Geol.  Survey  Texas,  pt. 
2,  p.  216,  PI.  XXXV,  figs.  1  and  2 :  and  Jour.  Geol.,  vol.  5,  p.  817. 

Shell  rather  large,  thick-valved,  moderately  ventricose,  or  some- 
times slightly  compressed,  inequilateral,  broadly  and  variably  sub- 
ovate  ;  the  dorsal  side  flattish-convex  behind  the  l)eaks  and  excavated 
in  advance  of  them ;  the  anterior  side  rounded  or  slightly  subtruncate 
from  being  a  little  prominent  in  its  upper  part;  the  posterior  side 
rather  narrowly  convex;  the  base  broadly  convex;  beaks  only  moder- 
ately elevated,  approximate,  their  summits  varying  from  subcentral 
to  a  position  just  back  of  the  anterior  third;  lunule  and  escutcheon 
deeply  and  abruptly  impressed,  especially  the  former,  which  is  nar- 
row-cordate; cardinal  teeth  2-2,  unstriated,  the  central  of  the  right 
valve  being  nnich  larger  than  the  anterior  and  the  posterior  of  the 
left  valve  being  larger  than  the  central  ;*»  a  posterior  remote,  hori- 
zontal, pliciform  lateral  tooth  in  either  valve  fitting  into  a  corre- 
sponding groove  in  the  other;  pallial  line  sinuate,  its  impress  on  the 
best-preserved  casts  crossed  by  faint  radial  plications;  pallial  sinus 
ample,  its  anterior  and  posterior  limbs,  respectively,  subvert ical  «nd 
subhorizontal  (the  latter  a  little  ascending),  its  fundus  obtuse;  valve 
margins  crenulated  within;  shell  ornamented  with  numerous  subequal 
to  unequal  concentric,  coarsely  linear  pliciform  growth  lines,  whose 
sequence  is  usually  interrupted  by  remote  and  more  elevated  folds. 


■  The  cardinal  teeth  are  here  regarded  as  3  In  each  valve,  iMit  with   I   In  each  valv^ 
obsolete. 

BijJh  206—05  M 5 
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imbrications,  or  constrictions  that  tend  to  mark  off  the  surfaw  into 
regular  stages. 

Measurements. — The  type  measurements — height,  72  mm.;  length, 
83  mm.;  breadth,  55  mm. — are  tho^  of  a  rotiind-ovat«  exiimple.  The 
height  is  often  somewhat  l&s.s  in  proportion  to  the  length.  Adult 
cspeeimens  of  average  inflation  have  the  breadth  eqiml  to  about  two- 
tliirds  of  the  height.  The  maximum  known  size  is  indicated  by  an 
imperfect  specimen,  which  has  a  height  of  79  mm, 

Occurrence. — This  is  one  of  the  commonest  and  most  conspiciiouw 
of  the  fossils  of  the  Malone  formation.  It  ranges  through  all  of  Ilio 
fossiliferous  part  of  the  Theta  subdivision  that  ia  e.tposed  in  the 
Malone  hills,  oecurring  not  only  at  the  principal  collecting  ground,  it 
mile  and  a  half  east  of  Malone  station,  but  also  west  of  the  Trio. 
About  fO  specimens  wcro  collected  at  tfie  former  locality.  Exsiniple^s 
were  obtained  from  the  west  side  of  the  north  end  of  Malone  Moun- 
tain, at  the  same  horixon  and  locality  that  yielded  the  specimens  of 
Nautilus;  from  the  first  high  ridge  west  of  Malone  Monntain,  alwut  2 
miles  west  of  Malone  station,  and  from  a  locality  about  1  mile  east  of 
Finlay  station.  A  probable  example  was  obtained  by  Doctor  Stanton 
from  the  western  foothills,  2  niiJea  north  of  the  southern  end  of  Malone 
Mountain.,  and  a  distorted  one  was  found  by  me  on  the  anticline  in 
the  east  side  of  the  mountain,  about  a  mile  from  its  southern  end. 

Rotund-oviite.  Iniiis\i>i's<-nv!it,-.  suul  ol>lJi]i«'  <.r  rhombic-oVHtL-  iiro 
all  more  or  less  closely  approached  by  the  lateral  profile  of  this  shell 
as  preserved,  which  also  in  some  cages  is  nearly  equilateral.  A  part. 
of  this  variation,  but  evidently  not  all  of  it,  is  to  be  attributed  to  the 
dynamical  stresses  to  which  the  Malone  rocks  have  been  subjected. 
In  young  examples  the  form  is  usually  more  oblong,  less  equilateral, 
and  less  compressed,  and  the  concentric  ribbing  becomes  moi-e  pro- 
nounced and  regular,  approaching  the  type  of  ornamentation  com- 
monly seen  in  medium-sized  and  small  species  of  Astarte, 

The  species  seems  to  be  sufficiently  near  the  Jurassic  section.  Ccelas- 
tarte,  of  Biihm."  It  differs  from  Astarte  excavata  Sby.,  the  best 
known  representative  of  that  section,  in  i)eing  less  strongly  inequi- 
lateral and  in  having  none  of  the  cardinal  teeth  striated.  The  central 
cardinal  of  the  right  valve,  while  it  is  the  largest  tooth  of  th'i  shell, 
is  relatively  smaller  than  that  of  .1.  <'.a'cai'ata  as  figured  by  Rohm. 
In  form  it  approaches  the  sinupalliate  species  Antarte  neocomiennix 
d'Orli,   from   which   it  differs  by  hinge  details  and  its  crenulated 
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Kriphyla  osi>eclally  seems  to  l)e  largely  n^presentetl  among  the  fossil  Astarte, 
as  recorded  at  the  present  time,  and  probably  all  the  s|»e<*les  which  have  an 
indication  of  a  iwsterior  pallial  sinus  l»elong  to  the  former  genus.  They  can 
scarcely  be  referre<l  to  Astarte,  for  tlie  single  anal  opening  which  the  animal 
of  this  last  iK)ssessc»s  lies  l>ehind  the  |M)sterior  muscular  scar,  but  not  Ih»1ow  it, 
where  the  formation  of  a  siiuis,  if  prt^sent,  must  be  due  to  the  development  of 
muscles  sup[)orting  a  branchial  siphon,  or  at  least  a  si)ecial  branchial  oi)enlng. 
Neither  of  these  are,  however,  i)ri»sent  in  Astarte. 

But  so  gradual  is  the  transition  from  none  to  a  well-marked  pallial 
sinus  that  it  seems  impossible  in  practice  to  distinguish  Eriphyla  from 
Astarte  clearly  by  this  criterion. 

ASTARTK    POSTK  ALVA    Sp.  n. 
PI.  Xr,  figs.  5,  G. 

Shell  small,  thin,  triangular-ovate,  of  intermediate  convexity; 
t)eaks  rather  prominent  and  pointed,  directed  somewhat  forward, 
anteriorly  excavated,  placed  near  and  usually  back  of  the  limit  of  the 
anterior  third;  posterior  sloi)e  a  little  flattened;  anterior  three- 
fourths  (to  four-fifths)  of  shell  ornamented  with  numerous  linear 
concentric  costcllas  which  are  separated  in  strong  relief  by  deep  striae 
about  half  as  wide  as  themselves;  the  flattened  posterior  fourth  or 
fifth  fonuing  a  sort  of  area  which  is  plain,  or  marked  with  ordinary 
growth  lines  only,  and  is  separated  from  the  preareal  surface  by  a 
very  obtuse  or  rounded  radial  angulation  which  is  not  of  itself  a  dis- 
crete and  salient  feature,  but  consists  merely  of  the  rather  abruptly 
curved  transition  from  the  outer  to  the  flattened  posterior  slope  of 
the  shell.  The  costellie  are  deflected  at  their  posterior  ends,  vanish- 
ing rather  rapidly,  but  not  abruptly,  as  they  approach  the  plain  area. 

Measiiremettts, — Height,  18  mm.;  length,  15  mm.;  breadth,  10  nnn. 
A  valve  of  another  specimen  has  a  height  of  about  14  mm.  and  a 
length  of  17  mm. 

Ocrurrenfe, — Not  infrequent  li  miles  east  of  Ma  lone  station. 
Twenty-one  specimens  were  collected.  . 

Astarte?   is()iK)NT()n)Es  sp.  n. 

1*1.  XI,  fip*.  s,  \). 

Shell  small,  gibbous,  inequilateral,  oblong-ovate,  the  dorsal  line 
gently  declivous  and  slightly  convex  back  of  the  beaks  and  very 
feebly  excavated  in  frcmt  of  them:  base  nearly  straight;  anterior 
side  rounded;  posterior  side  obliquely  truncated;  beaks  low,  in  con 
tact,  situated  near  the  anterior  third,  an  obtuse  umbonal  ridge  or 
inflation  extending  from  their  sununits  to  the  postero-ventral  margin, 
and  the  greatest  breadth  of  the  shell  being,  by  reason  of  such  infla- 
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lion,  iiejir  the  nnl^iior  liiiiil  uf  Ihi^  posterior  third;  Hunks  um!  post- 
iimboiial  slopes  more  or  les«  tlnttciied;  ligament  external,  short;  siir- 

I  face  of  shell  eoiioeiitrically  strinte.  or  ornamented  with  numerous 
Ktrong  linear  elevations  whose  development  varies,  and  is  more  regii  - 
lar  on  the  proximal  part  uf  the  whell,  while  on  the  distal  part  there 

,  are  one  or  two  extmvated  zones  bounded  by  high  lines.  The  lines  run 
nearly  straight  for  a  considerable  part  of  their  roursc  parallel  to  the 

'     base,  turning  upward  mon*  shortly  at.  the  posterior  than  at  the  ante- 

I     rior  end  of  it, 

Meamiremfnt». — Height.  13  nun.;  length  (restored),  about  18 nun.; 

^    bi-eadth,  10  mm. 

Ocvuirenve. — A  mile  and  a  half  east  of  Malonc  station.  Only  1 
speeiinen  of  the  typical  form  was  obtained.  Of  3  othei's  believed  to 
be  only  young  and  compres.«ed  examples  of  the  species,  2  are  more 

1  or  less  complete  right  valves,  1  of  which  shows  a  ligamental  groove 
and  a  strongly  denticulated  inner  margin;  and  the  third  is  a  shell 
quite  flattened  out.  All  three  of  these  young  examples  agree  with 
the  proximal  and  differ  from  the  distal  part  of  the  type  shell  in  hav- 

'  ing  a  tendency  to  a  rather  uniform  and  dose  development  of  the  con- 
centric linear  costellw. 

I        The  specific  name  refers  to  some  resemblance  which  the  shell  pre- 

F  «ents  in  form  to  that  of  Isodonta,  iis  represented  by  the  type  of  tha. 
genus,  /.  deshayesii  Buv. 

ASTARTE?   tRATICLLA  sp.  n. 
Fl.  XI.  fig.  7. 

Shell  small,  rather  ventricose,  subovate,  strongly  depressed  along 
a  narrow  zone  near  the  posterior  cardinal  border  from  the  beaks  to 
the  posterior  extremity:  beak.s  well  inflated,  moderately  elevatetl, 
placard  somewhat  in  advance  of  the  middle  and  back  of  tlie  anterior 
third:  postern-dorsal  flattened  area  separated  from  the  rest  of  the 
^hell  by  ii  radial  angulation  and  itself  divided  into  two  concave 
/ones  by  a  radial  carinifonn  angulation;  the  general  surface  of  the 
valves  ornamented  rather  closely  with  regular,  blunt-topped,  concen- 
tric costeihe,  which  an'  in  strong  relief  and  separated  by  intervals 
of  nlK>ut  their  own  width.  The  ornamentation  of  this  shell  recalls 
the  genus  Trigonia. 

.]fi-nxiiri-tiii-}'f!'. — Estimated  measurements  only  can  be  given,  the 
margins  of  Ixith  valves  of  the  type  l>eing  imperfect.  The  apparent 
approximate  dimensions  an-:  Height,  ^2  mm.;  length,  28  mm.; 
breadth,  17  nun. 

(>i-virri'ii'-i\-^'Y\\f  oidy  siMH-inicn  obtained  is  from  the  locality  lA 
iiiik's  vast  ot  Maloiie  station. 
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CRASSATELLID^:. 
Genus  PTYCHOMYA  Agassiz. 

PtYCHOMYA  8TANT0NI  sp.  n. 
PI.  XII,  flgs.   MJ. 

Shell  small,  compressed,  cuneate-ovate  or  trapezoid-ovate,  a  little 
excavated  at  the  front  of  the  beaks;  the  anterior  side  short,  rounded; 
the  posterior  side  long;  the  dorsal  margin  having  a  gentle  and  nearly 
straight  descent  back  of  the  l)eaks  for  a  considerable  distance  and 
then  declining  more  rapidly,  so  that  the  posterior  side  of  the  shell 
is  obliquely  truncate  above;  the  base  nearly  straight  in  its  median 
and  major  portion;  the  posterior  umbonal  slope  forming  with  the 
outer  slope  a  gentle  shoulder;  valves  thick,  their  nuirgins  crenulated 
within:  beaks  very  little  salient;  lunule  cuneate-lanceolate,  deeply 
excavated;  surface  ornamented  with  a  considerable  number  of  ribs 
which  form  an  anterior  nearly  vertical  series  of  upwardly  directed 
chevrons  Inflow  the  beaks,  and  a  posterior  oblique  series  of  nearly 
closed,  distally  directed  angles  whose  apices  lie  on  the  umbonal 
shoulder;  on  the  posterior  part  of  the  shell  the  ribs  pursue  a  nearly 
straight  course  backward  and  downward  to  the  basal  and  posterior 
margins,  though  arranged  in  two  converging  sets,  in  each  of  which 
they  are  slightly  divergent;  on  the  anterior  region  they  are  subhori- 
zontal,  curved  forward  and  upward,  and  often  minutely  undulated 
or  zigzagged.  The  sides  of  the  subumbonal  chevrons,  exclusive  of 
the  part  that  forms  the  usually  more  or  less  cuspidate  apex,  diverge 
at  an  angle  which  is  right  or  sometimes  slightly  acute  in  the  earlier 
ribs  and  becomes  quite  obtuse  in  the  later  ones.  The  ribs  are  gen- 
erally linear-compressed  and  separated  by  broader  concave  intervals, 
but  in  occasional  specimens,  and  especially  on  the  posterior  region,  are 
more  obtuse,  with  the  intervals  equaling  or  distally  exceeding  them. 

Measurements, — A  nearly  complete  right  valve  indicates:  Height, 
16.5  mm.;  length,  31  mm.;  breadth,  8  or  9  mm.  An  internal  cast  of 
a  right  valve  gives:  Height,  18  mm.;  length,  32  mm. 

Occurrence, — Twenty-three  specimens,  in  part  only  fragments,  with 
the  characteristic  ornamentation,  are  in  hand.  All  are  from  the 
locality  IJ  miles  east  of  Malone  station,  and  most,  if  not  all,  from  the 
lower  part  of  the  Theta  beds  there  outcropping. 

In  pattern  of  oriuunentation  and  in  size  Ptychomya  Htantoni  comes 
nearest  to  Pt,  complicata  Tate,  from  which  it  differs  in  having  the 
beaks  less  anteriorly  placed  and  the  posterior  truncation  very  oblique 
instead  of  nearly  square;  the  position  of  the  beaks  and  the  line  of 
chevrons  below^  them  is  as  in  Pt,  koeneni  Behrendsen.  The  general 
form  has  some  resemblance  to  the  latter  species,  but  its  lateral  ^^vo^^lfe 
departs  more  from  a  regular  oval  and  tends  \;ov^«Ltdi  «b  ^\rwKa\fc.   ^^ 
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differs  from  /'/.  hixniii!  bIwi  by  it-s  miioli  smiilltT  sizt*,  aiul  in  tlm 

abseiifi'  of  small  (lowiiwurd-puiiitiiig  chevrdiw  nt  the  api(i>s  uf  th« 

'  middle  utid  lower  of  tlic  Inrf^  upwiird-poiiitiiig  onus, 

L       The  species  is  nnnitnl  aflor  I)<i(.'t(ii-  StnnUiii,  wlio  first  recognijw'd 

it«  genus  on  Htviiij;  it  in  my  collection  at  Sierra  Dlanca,  Tex.,  he 

having    previously    nscfrtnined    thut    f'/iohiihm i/ti    nigndalei   Nobis 

'  belongs  alao  to  Ptychomya.     Doctor  SlAiiton  has  recently  shown  me 

two  I'Jists  of  the  Utli-r  spet'lifi  on  which  the  hinge  charactci-s  of  the 

left  viilve.  as  descriljeil  nnil  tignn'd  by  Picfvt  ami  Cumpidii!."  wre  well 

I  displayed. 

The  Ptyhniiiya'  hilherlo  rlescriU'd,  so  ijii-  us  Uimwo  li>  nit-  ul  (his 
time-  ( Vvm) ,  lire  uh  follows : 
J   PliK-hiimgn  mtihialillii'i   [ilOi'Meiij  I,  IMS.  Tnl.  !■>..  T.*rr.  ci-i-t,,  vol.  3.  p.  ~n.  j)I. 
•Mi.  Hkk.  lO-l.'l. 
t'tyrhomvii  Hiililii   urorhlBiiji.  1W.1.  Kfv.  et  Mhr.  ile  ZiVil,.  ;;il  BericH,  vol.  X. 
(I.  .TSt.  |4.  111.  IIbh.  :!,  4. 
I  J'lU'^hiimua  Hji.     I'tiiiniiitil.     IH>«t1Im<iI  nnd  Hsurwl,  lsr.7,  bj-  I'lctet  and  Bene- 
vler  III  I'll!.  SclsB".  "IVrr.  AjiHeii  Ue  hi  iVrli-  >Im  KhAiic.  tU  8tn.  Oiilx,  i>,  ItO. 
III.  11,  rigji.  L'li,  I'h.  ."ji.  ■■Ill,  !!■  of  /•'.  fililiialitinii  (d'Orli.).  but  reiuovwl  from 
tile  liitter  hy  I'ii'H't  uml  ruiiijilihi-  In  18l«l   (I'lil.  Siit»w.   Vim-^  TiTr.  Cret. 
8ti>.  I'roix,  i>.  JllTJ,  iinil  (ilnced  neur  /'/.  iiriniiiiirnm»  (Je  Lorlol)  ellher  «» 
II  varletj'  uf  tlie  imter  or  ii  ilUtlui-t  »i>rt-lt-«. 
^.  Ptychiimya  bHchlana  (Korstpti).  1SS8.  KeuKnoHl.  VerliSttn.  Aim  Wentl.  ruluuib.. 
Berlcbt  32  Bte  Vemiuuil.  Deultwh.  Nnturf.  u.  ArDm.  p.  I  ID.  PI.  V,  flin.  Tn.  Tli. 
PttKhomi/a   nroriimlrniil^    U\<-   Ixirlol),   18(11.   Pewr.   des   Aiilni.   Fiws,   da   Miml 

Sal&ve,  p.  71,  pi.  9.  flim.  1-t. 
Ftychomya  Uirilalfa  CoQiiiind,  l^itti.  Mod.  Tal.  de  I'^tuite  Aptlen  de  I'EBpagne. 

p.  127,  PI.  XX,  flBs.  1,  2. 
Ftifchomj/a  gemianl  Pletet  niid  Cnniplohe,  ISfifi,  Pal.  Suisse,  Terr.  Cret.  de  Ste. 

Crolx.  p.  354.  PI.  CXXVII.  fl(!s.  7.  8. 
Ptychomi/a  mmplirala  (Tate).  1807,  Quart.  Jimr.  Gfol.  Soc.  London,  vol.  23,  Pt. 

1,  p.  160,  PI.  IX,  flg.  8. 
Plpihimiya  zitlcli  Dames.  1S73,  ZeltRt'lir  IX-utmli.  tJeiil.  (Jeselliwli.,  vol.  M,  p 

XMt.  PI.  XII.  tiBH.  1.2. 
FtychiimuH  'p.  rniiaiiied.  IK'scribed  iind  flRureil.  18S2.  hy  Frnnr.  Toula  In 
DenkHHir.  Kais.  Aknd.  Wlswiiwh.  M.it.-N:it.  CI..  ltd.  Xt.IV.  2te  Abth..  p. 
X,.  PI.  IV.  Hk.  is.  HeKiirdPd  liy  Trtiilii  im  imil.iil.ly  identical  with  PL 
Hfuttimiftixiii.  Ilioucli  lie  notes  diffeivncifi.  It  seems  tii  aie  to  l>e  separated 
liy  Its  stronsly  arclatl  |irln<!l|>iil  i-ustie  iiiiil  dorsal  Uirdcr,  as  well  as  by  Its 

Pl]/i-li'iiiillii   h-iiriirni   ItelireiiilKi>ii,   1S02.   Zcitsi'lir.   Iteulscli.   (Jeol.   Oeselach.,   vol. 

■14,  |>-  2:!,  PI.  II.  Hs.  4.  aiKt  |)I.  :!,  flits.  Sn.  Sh. 
Pturhiiiiiiiii  ra-jx.liilii  (CriiKla).  W.iT,.  Coloriidn  <'<jlle);e  Studies.  V,  p.  58. 

Ill  addition  lo  the  above,  a  species  of  I'tychomya  has  been  reported 
by  (1.  Steiiiiiiann '■  as  occiirrin}!  in  the  Ciirdilleras  at  Chilian,  Chile, 
possibly  in  the  siimc  WA  with  Trl'/anix  frii,>sltona  Steinmann.  This 
Trificnia  occurs  also  al  CimjiioIcs,  liolivia,  from  an  unknown  horizon 

•  r.ii.  siiissi'.  T.TF,  <Yci.  cii>  St.-.  cr..!!.  [1.  ;;.-i,  I'l.  cxxvii,  flK«-  9d,  ae. 
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that,  on  the  ground  of  the  kind  of  rock  attached  to  the  specimen, 
Professor  Steinmann  regards  as  probably  Lower  Cretaceous,  though 
nearly  all  of  the  Mesozoic  fossils  that  he  lists  from  Caracoles  he  con- 
siders Jurassic.  I  am  not  aware  that  the  Chilian  Ptychomya  has 
been  specifically  named  or  described. 

The  orbicular,  toothless,  divaricately  ornamented  shell  described 
by  Lycett"  as  Ptychomya?  agassiziij  and  the  elongate  Pandora? 
a^quivalvw  Deshayes  ^  and  Crassatella  cornueliana  d'Orb.*'  which  have 
been  referred  to  Ptychomya  by  some  paleontologists,  are  here,  follow- 
ing Stoliczka,''  excluded  from  the  genus. 

The  size  of  the  shell  in  Ptychomya  seems  to  have  been  less  in  the 
earlier  history  of  the  genus  and  to  have  reached  its  maximum  in  the 
Gault.  The  relation  of  size  to  time  is  indicated  in  the  following  table, 
in  which  an  attempt  has  been  made  to  group  the  species  roughly  in  ac- 
cordance with  their  relative  geological  position,  known  or  supposed: 

TcLble  showing  sizes  of  species  of  Ptychomya  at  various  geological  epochs. 


Species. 

Length. 

mm. 
90 

Geological  position. 

Locality. 

zitteli  

Tnronian 

W  estem  Alps. 
Northern  Texas. 

ragsdalei 

105 

Upper  part  of  Denison  stage 

bnchiana 

120 

Gault 

United  States  of  Co- 
lombia. 

daedalea 

110 

Aptian 

Spain. 

(Unnamed)  . 

80 

Aptian 

Switzerland. 

solita 

80 

(?  Upper  part  of)  Lower  Cretaceous. 

United  States  of  Co- 
lombia. 

(Unnamed)  . 

67 

Uppermost    Neocomian    (probably 
fideToula). 

Western  Balkans. 

neocomiensis 

60 

Lower  and  middle  Neocomian 

France,  Switzerland. 

koeneni  

57 

Neocomian  « 

Argentine  Cordil- 

leras. 

robinaldina  . 

85 

Lower  and  middle  Neocomian/ 

France,  Switzerland, 
England. 

germani 

40 

Lower  Neocomian  ( Valangrian) 

St.  Croix,  Switzer- 
land. 

complicata . . 

81.7 

Lower  Neocomian?  (Jurassic?) 

Cape  of  Gk)od  Hope. 

Stan  ton! 

32 

Malone 

Southwestern  Texas. 

•  Proc.  Cotteswold  NatiirallBts*  Club.  vol.  1,  p.  69,  IM.  II.  figs.  6,  Ga. 

•  Mem.  Soc.  CJ^I.  de  France,  vol.  5,  p.  4,  pi.  3,  figs.  7a,  7b. 
*•  Pal.  fr.,  Terr.  Cr^t..  vol.  .1,  p.  74,  pi.  264,  figs.  7-9. 
''See  Cret.  Fauna  Southern  India,  vol.  3,  p.  294. 

'  Behiensden  compares  hl8  species  with  the  lower  and  middle  Neocomian  species, 
germani  and  robinaldina. 

f  Morris  and  K.  Forbes  have  recorded  this  species  from  the  lower  Oreensand ;  but 
these  records  are  early  ones  (1845  and  1864)  and  not  improbably  refer  to  Pt.  neocomien- 
sis, which  was  not  established  till  1861.  A  species  close  to  Pi.  neocomiensis,  and  perhaps 
not  specifically  distinct  from  It.  was  referred  to  robinaldina  by  Plctet  and  Renevier  as 
late  as  1857  to  1866.     See  remarks  in  above  list  of  hUbeTt(y^««ct\>Qe^  Ws<^^^^3^1^> 


72  MALnNE   JUR.48Sir   POBMATION   OP   TEXAS.  (■otL.  aao. 

LTJCINID.*:. 

fieims  LUCINA  Brug. 

LuciNA  poT(i8iNA  C  and  A. 

I'l.  XITI.  figs.  4,  5. 

Luclna  potonitia  CnstlUo  iind  Agullpru.  1895,  Bui.  Com.  Geol.   Mex..  No.   I. 
V.  II.  I'],  tV,  tlRH.  2, ::,  and  0 ;  and  PI.  V,  ties.  11  to  14. 

Five  s|>ecimeiifi  from  the  locality  1^  miles  east  of  Malone  station 
He«m  to  agree  sntHciently  wett  in  sizo  and  form  with  the  small,  tran.s- 
verse  and  rather  inflated  Sierra  de  Catorce  sholls  that  constitute  the 
type  variety  of  Lurina  poioxinn. 

The  following  is  a  translation  nf  Cnstillo  and  Agiiilcra's  descrip- 
tion of  the  Rijecies: 

Sliell  IrausrerHelj'  oval,  relativety  comiirntsed.  Ineiiullflternt.  BiKt'ul  rcKloii 
longer  tbnn  tlip  luiai,  nnlfoniily  niunded  At  Its  extremity  niid  nearly  or  tlie  rhiuq 
tvldtli  Hh  tlie  nnal.  I.DnuIe  well  developed,  ruttier  deep  and  generHlly  wMer  iti 
the  rlRlit  viilve.  Anal  rei;lou  iienrly  of  the  snuie  breadth  as  the  buccal,  rounded 
at  ItH  extremity,  more  InRated  than  the  buccal  region.  Llgaraeutul  area  narrow. 
dee]),  and  elongated,  occupying  the  whole  length  of  the  anal  region,  CsnllnHl 
border  slightly  concave  on  the  buccal  aide  and  straight  or  gently  nmvex  on  the 
anal  aide.  Umboues  aubcentral,  rontlguoun.  and  a  little  Inclined  to  the  buccal 
side.  Ventral  or  lower  bonier  little  curved.  Joined  to  the  anterior  and  po«tiTlor 
borders  by  arcs  of  more  pronounced  curve  thou  Its  general  curvature.  Flanks 
convex,  more  Inllatnl  below  tl>e  beakB  where  the  tnnjor  convexity  la  found :  tlila 
diminishes  grndnnlly  toward  tlie  bordere.  Surfnc-e  adorned  with  delicate  con- 
centric coBteltip,  little  salient  and  separated  by  plain  Intervals  four  to  six  times 
wider  than  the  costelia-.  Length,  Id,  20.5,  21  mm.;  breadth,  In  relation  to  tbe 
length.  0.T!),  0.80,  0.85:  thickness,  in  relation  to  the  length,  0.4T,  0.48.  0.48. 

The  exact  geological  iWHition  of  Lucina  potosina  at  its  type  locality 
is  not  known,  as  the  records  are  somewhat  conflicting.  Castillo  and 
Aguilera  state,  on  page  8  of  the  above-cited  bulletin,  that  the  types 
of  this  species  and  of  Cyprina  coteroi  were  found  associated  with 
Alamitos  fossils,  but  were  petrified  in  flint,  believed  to  have  been  de- 
rived from  the  flint-beaiing  limestones  of  their  "  grupo  superior,"  that 
overlie  the  sandstones  of  the  Cieneguita  (Ijower  Cretaceous)  as  the' 
Cienegiiita  in  turn  overlies  the  Alamitos  (Upper  Juras.sic).  On  page 
4!)  of  the  same  they  omit  Cyprina  coteroi,  but  include  Li/rina  potoaina 
in  the  list  of  fossils  of  the  grupo  superior,  and  state  that  S<hloenhachia 
af.  inf/aia  is  the  only  fossil  found  in  the  limestones  of  the  grii]>o 
superior,  iiscribing  Lwina  potoniiia  and  the  other  fossils  of  the  grupo 
superior  to  calnin-ous  and  marly  -«hale  l>elow  the  limestone,  in  the 
base  of  tbe  grupo.  Finally,  on  page  50,  Cyprina  coteroi  is  given  as 
one  of  the  fossils  of  the  Alamitos  beds,  which  are  Upper  Jurassic. 
In  view  of  the  confusion  that  has  arisen  regarding  the  original  strati- 
graphic  source  of  these  fossils,  and  the  further  fact  that  the  actual 
collecting  of  them  seems  to  have  been  from  among  the  fossils  of  the 
A/miiitO!^,  there  would  appear  to  be  some  uncertainty  as  to  their 
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having  come  from  the  flint-bearing  limestones  of  the  grupo  superior, 
notwithstanding  the  flinty  character  of  their  fossilization  and  a  pos- 
sibility, at  least,  that  both  species  may  have  come  from  some  minor 
intercalation  or  segregation  of  siliceous  matter  in  either  the  Ciene- 
guita  or  the  Alamitos  beds. 

LuciNA  poTosiNA  var.  METRicA  var  n. 
n.  XIII,  figs.  6-10. 

Lucina  mctriva  rrapln.  1898,  Jour.  Geol.,  vol.  5,  p.  817. 

Lucina  potoshia  f  Cragiu,  1898.  loo.  cit.,  p.  817  (footnote)  and  p.  819. 

Shell  equi valve,  compressed  or  little  inflated,  flattish-lenticular, 
suborbicular,  yet  tending  somewhat  to  a  four-  or  five-sided  outline, 
usually  a  little  transverse,  but  often  not  markedly  so,  sometimes 
about  equilateral,  for  the  most  part  slightly,  and  in  exceptional  cases 
considerably,  inequilateral;  valves  thin;  postero-dorsal  region  some- 
what especially  compressed  in  contrast  with  the  gently  inflated  um- 
bonal  region  in  front  of  it,  the  concavity  here  being  counterbalanced 
by  a  feebler  compression  of  the  antero-dorsal  region;  beaks  very 
?mall  and  depressed,  subcentral,  usually  placed  a  little  back  of  the 
middle;  surface  ornamented  with  widely  and  regularly  interspaced, 
strongly  and  abruptly  elevated,  linear-compressed,  concentric  costellae. 
The  spaces  between  the  latter  are  about  six  times  as  wide  as  the 
costelloB  themselves,  flat,  marked  only  with  numerous  and  fine 
crowded,  concentric  growth  lines;  and  are  remarkable  for  the  regu- 
larity of  their  breadth,  which  increases  distally  with  almost  imper- 
ceptible increments,  but  shows  occasional  variations. 

Measurements, — Height,  34  mm.;  length,  36  mm.;  breadth,  10  mm. 
in  a  specimen  of  the  commoner  and  intermediate  size,  much  smaller 
specimens  being  similarly  proportioned.  For  the  same  dimensions, 
an  example  of  average  adult  size  and  an  exceptionally  large  one 
give,  respectively,  41,  45,  14,  and  54,  59, 16  mm. 

Occurrence, — A  mile  and  a  half  east  of  Malone  station.  One  of  the 
more  abundant  fossils  there  occurring,  but  less  common  than  the 
Pleuromya  inconstans.  More  than  200  specimens  are  represented. 
A  few  examples  were  also  obtained  in  foothills  at  the  northwest  end  of 
Malone  Mountain,  about  2  miles  east-soutficast  of  Finlay  station, 
and  west  of  the  mountain,  2  miles  north  of  its  southern  end. 

The  height  of  the  shell  in  L,  potonna^  var.  metrica  is  commonly 
from  90  to  97  per  cent  of  the  length,  which,  hoAvever,  it  may  occasion- 
ally equal.  The  breadth  averages  less  than  30  per  cent  of  the  length ; 
in  10  measured  specimens  it  averages  29.46,  the  minimum  being  25.5, 
and  the  maximum  being  32  per  cent.  The  corresponding  ratios  given 
by  Castillo  and  Aguilera  for  typical  potosina  are  height  as  percent- 
age of  length  0.79  to  0.85,  and  breadth  as  percentage  of  levv^Vs.  <^  AT 
to  0.48. 


74  MALONK   JCRASBrC   FORUATION   OF   TEXAS.  fwi-t.  »W 

From  nil  of  the  data  above  given  it  is  seen  that  the  shell  of  vm-. 
m^trica  uttuiiis  a  much  larger  size  than  that  of  var.  potonina,  is  con- 
siderably lesK  inflated,  and  has  a  less  transverse  (i,  e.,  more  elevated) 
and  more  nearly  equilateral  contour. 

Luciwi  potosiiia,  var.  nLetrica  is  not  only  a  pronounced  variety  of 
its  species  but  it  13  the  lar^iy  preiMinderating  representative  lioth  of 
its  siH-ciofl  and  of  its  genns  in  the  Upper  tfuraasir  of  western  Texas. 

As  is  usually  found  to  be  the  case  where  very  large  numbers  of  a 
species  of  fossil  are  available  for  study,  L.  pntoninn  presents  con- 
siderable individual  variation-  iSeven  or  eight  six'cimene  from  local- 
ity 1^  miles  east  of  Malone.  represent  a  third  variety  of  the  speeii*?, 
which  is  apparently  only  an  individual  phase,  thou^i  rather  n  strik- 
ing one,  of  var.  me/rira.  They  show  the  following  cliaraiiters :  Thu 
shell  is  fllwiit  as  large  its  the  largest  examples  uf  the  ordinary  form  of 
metrira;  transvertH'ly  broad-oval,  inclining  to  sulxiundrate;  inequi- 
lateral; inflated  throughout,  though  nneipially  so,  the  valves  being 
radially  warped  or  flexnous,  and  especially  swollen  on  the  umbonnl 
tlope.  on  either  side  of  which  are  two  broad  and  shallow  concave 
radial  zones,  the  antenor  one  of  which  pat<ses  downward  and  the  pos- 
terior one  downward  and  backward;  a  second  and  smaller  convex 
radial  zone  tM-iug  tleveloped  in  front  of  the  anterior  concave  one.  The 
beaks  are  more  inflated  than  those  of  the  typical  fonn  of  var.  metrica. 
The  basal  margin  of  Hie  shell  is  a  little  prominent  and  receding 
opposite  the  convex  and  concave  zones,  respectively.  Corresponding 
with  the  general  contour  of  the  shell,  the  concentric  linear  costellse, 
which  in  the  common  phase  of  var,  meirica,  have  an  almost  uniform 
downward  convexity  in  the  postero-basal  part  of  their  course,  assume 
in  this  phase  a  nearly  straight  or  slightly  upward  convex  trend  for  a 
considerable  distance  in  this  part  of  their  course,  swinging  upward 
rather  suddenly  anterior  and  posterior  to  it.  The  approximate 
dimensions  are:   Height,  45  mm.;   length,  50  mm.;   breadth,  20  mm. 

This  phase,  then,  is  distinguished  from  the  ordinary  phase  of  var. 
metrica  by  its  size,  average  adidt  examples  of  the  latter  being  con- 
siderably smaller,  by  its  greater  and  more  pervasive  inflation,  strongly 
flexuous  valves,  and  more  transverse  and  inequilateral  contour.  A 
tendency  toward  this  form  is  seen  in  some  of  the  smaller  examples  of 
the  other  phase  of  metrica. 

LUCINA   ?  FMARtilNATA  .Sp.  U. 
PI.   XIU.   figs   I,  2. 

Ct.  CvpTimcria  t  mcj'icana  Castillo  and  Agullera.  181K5.  Bol.  Com.  Oeol.  Mei„ 
No.  1.  |i.  n.  1*1.  V,  fi|{.  3. 

Shell  sulH)rbicular,  compressed,  though  less  so  than  that  of  Lvcina 
potosina,  var.  metrka,  the  breadth  being  equal  to  about  half  of  the 
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height;  anterior,  ventral,  and  posterior  sides  rounded;*  dorsal  side 
abruptly  and  emarginately  excavated  before  the  beaks  to  a  point  dis- 
tant one- fourth  of  the  shell  length,  where  it  joins  the  anterior  side  in 
nn  obtuse  angle,  the  posterior  part  of  the  dorsal  side  declining  in  a 
nearly  straight  line,  with  some  convexity  near  the  beaks,  to  a  point 
two  and  a  half  times  as  remote,  where  it  makes  an  obtuse  angle  with 
the  posterior  border;  beaks  low,  with  apex  curved  forward;  lunule 
hirge,  al)out  twice  as  long  as  wide,  abruptly  and  rather  deeply  im- 
pressed; margins  entire;  surface  ornamented  with  rather  cx)ai-se, 
rounded,  subdued,  c(mcentric  costellap  separated  by  equal  or  narrower 
intervals,  each  cost«lla  making  an  irregular  and  gentle  undulatory 
flexure  as  it  approaches  the  posterior  part  of  the  dorsal  margin. 

MemuremeiitH, — In  an  accidentally  somewhat  comprassed  specimen, 
height,  21  mm. ;  length,  22  mm. ;  breadth,  7  mm.  In  a  second  exam- 
ple, height,  20  mtn. ;  length,  19  mm.;  breadth,  10  mm.  In  a  third, 
height,  32  mm. ;  length,  30.5  mm. ;  breadth  about  16  mm. 

Occvrrence, — Three  examples  were  obtained  from  the  locality  1^ 
miles  east  of  Malone  station. 

In  the  absence  of  a  satisfactory  knowledge  of  the  hinge  details, 
the  species  is  here  placed  in  the  genus  Ludtui  because  of  the  abruptly 
excavated  and  rather  deep  lunule,  the  lunule  in  Cyprhneria  being 
feebly  excavated  or  lacking. 

LuciNA  PLANruacuLA  sp.  n. 
PI.  XIII.  fig.  3. 

Shell  of  intermediate  size  for  Lucina,  thick-valved,  broadly  sub- 
oval,  rather  inflated,  the  breadth  equal  to  more  than  half  of  the 
height,  height  equaling  about  five-sixths  of  the  length,  moderately 
inequilateral,  the  posterior  side  being  between  three-fourths  and  four- 
fifths  as  long  as  the  anterior,  the  latter  but  little  contracted;  beaks 
little  prominent;  surface  nearly  plain,  ornamented  with  inconspicu- 
ous, concentric  raised  line.s  and  stria*,  which  on  the  major  part  of  the 
surface  are  more  or  less  obsolete,  but  are  more  distinct  on  the  anterior 
and  posterior  marginal  regions,  the  raised  lines  on  the  latter  being 
very  fine  and  intervaled  on  the  upi^er  part,  becoming  coarser  and 
more  crowded  Inflow. 

MeiiHureinentH, — Height,  20.5  mm.;  length,  31  mm.;  breadth,  15 
mm. ;  in  another  example,  height,  28  mm. ;  length,  31  mm. 

Occurrence, — Four  shells  and  about  a  dozen  casts  of  this  fossil 
were  collected  in  foothills  in  the  northwest  end  of  Malone  Mountain, 
about  2  miles  east-southeast  of  Finlay  station. 

From  Lucina  coetoi  C.  and  A.,  the  L,  pUmmsmla  appears  to  differ 
chiefly  by  its  more  strongly  inflated  and  much  less  strongly  inequi- 
lateral shell  and  its  plainer  ornamentation. 
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GeniiH  UNiCARDIUM  d'()rl)igii.v. 

UnICARDU'M  ?    BEMIROTrNDUM    sp.    H. 
PI.  Xir.  BSH.  S*-ll. 

Shell  thin,  pyraniido-suborbiciilar,  moderately  inequilateral,  wpU 
inflated,  the  height  nearly  equal  tn  the  length ;  beaks  large  and  prom- 
inent, pyramidal,  siibtnedian,  placed  a  little  nearer  to  the  anterior 
than  to  the  posterior  extremity,  cnrved  inward  and  slightlv  forward, 
HO  that  tlie  anterior  cardinal  border  is  more  ooncave  than  the  pos- 
terior; anterior  and  posterior  Iwrders  rather  short;  base  evenly  and 
rather  broadly  ronnded;  surface  marked  only  with  fine  concentrii! 
growth  lines,  most  of  which  are  rather  feebly,  a  few  more  Btrongl3', 
impressed. 

jVc(M«remen^«.— Height,  yi  mm.;  length,  22  mm.;  breadth,  13  mm. 
Height  in  another  nearly  like- proportioned  e.iample  about  25  mm. 

Occi'rrenre. — Twehe  specimens  were  collected  by  Doctoi-  Stanton 
at  the  following  four  localities:  A  mile  and  a  half  east  of  Malone 
station:  anticline  in  e^ist  base  of  Malone  Monntain  about  1  mile  nortli 
of  its  sonthern  end;  west  of  Malone  Motmtain,  nearly  2  miles  sonth 
of  west  from  Malone  station,  in  No.  13  of  his  Malone  Mountain 
section;  and  in  foothills  at  the  northwestern  end  of  Malone  Mountain, 
a  little  over  2  miles  east-southea-st  of  Finlny  station,  here  also  appar- 
ently in  No.  13.  Four  examples  were  also  collected  by  me  at  the 
first  of  the  localities  above  named. 

The  species  shows  some  resemblance  in  form  to  U.  varicosvm,  Sow- 
erby,  but  has  larger  and  more  elevated  umbones  and,  for  the  body  of 
the  valves,  a  more  rotund  contour. 

UnICARDIUM  ?    TRANSVERSUM    Sp.   n. 

PI.  Xn.  figs.  7.  8. 

Shell  thin,  well  inflated,  trans\'ersely  subovate,  the  height  equaling 
0.77  to  0.87  of  the  length ;  the  posterior  moiety  of  the  shell  nar- 
rower and  considerably  longer  than  the  anterior,  and  the  anterior 
part  of  the  cardinal  lM)r<ler  more  concave  than  the  [wsterior;  base 
broadly  and  une([ually  rounded;  beaks  prominent,  yet  less  so  than 
those  of  Vnicnrdhim  Keinirotiiniltim,  in  contact;  surface  smooth, 
marked  only  with  fine  concentric  growth  lines,  which  disappear  under 
slight  weathering.  Wliile  the  form  of  the  shell  is  persistently  trans- 
verse or  snbovate,  the  position  of  the  l>eaks  is  widely  variable,  as 
shown  by  the  iimbonal  fractions  below,  in  which  the  numerator  and 
denominator,  respectively,  denote  the  di-stances  in  millimeters  of  the 
umbonal  summits  from  the  anterior  and  posterior  ends  of  the  shell 
in  four  specimens  .selected  at  random.     That  this  variability,  how- 
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ever,  is  in  part  due  to  the  orogenic  movements  which  the  matrix  has 
undergone  is  indicated  both  by  other  variation  in  the  form  and  by  the 
discrepancy  sometimes  shown  in  the  relative  position  of  the  two  beaks 
of  a  single  shell. 

MeasurementH. — Height,  26  mm. ;  length,  34  mm. ;  breadth,  21  mm. 
Same  dimensions  from  a  left  valve,  respectively;  height,  24  mm.; 
length,  29.5  mm.;  breadth  (by  doubling  the  convexity  of  one  valve), 
15  mm.    Umbonal  fractions,  ||,  ||,  |4>  H- 

Occnrrenre. — Fourteen  specimens  were  collected  from  the  locality 
1^  miles  east  of  Malone  station ;  one  from  the  anticline  on  the  eastern 
slope  of  Malone  Mountain  nearly  1  mile  north  of  the  southern  end; 
and  one  also  upward  of  1  mile  east  of  Finlay  station. 

Genus  CYPRINA  Lamarck. 
Cyprina  ooteroi  C.  and  A. 

PI.  XIII,  flgs.  11.  12. 

Cyprina  {VcnUia)  vetcroi  CustUlo  and  AguUera,  1895,  Bol.  Com.  Gool.  Mex., 
No.  1,  p.  8.  PI.  V,  flgs.  4  to  10. 

Shell  thin,  triangular-ovate,  inequilateral,  ventricose,  the  height 
generally  equaling  one  and  a  third  to  nearly  one  and  a  half  times 
the  breadth  and  about  seven-eighths  of  the  length;  posterior  slope 
flattened  and  sc^parated  from  the  rest  of  the  shell  by  a  low  crest,  or 
angulation,  which  runs  from  the  posterior  side  of  the  l)eaks  to  the 
somewhat  pointed  infero- posterior  end  of  the  shell;  l>eaks  situated 
between  the  middle  and  the  anterior  third,  strongly  inflated,  high 
arched,  pyramidal,  incurved,  somewhat  anteriorly  deflected,  and 
nearly,  if  not  quite,  in  contact;  pallial  line  entire;  general  surface 
ornamented  with  ordinary  concentric  growth  lines  and  at  remote 
intervals  \\ith  resting  stages  marked  by  moderate  imbrication  and 
groove,  which  descend  across  the  posterior  flattened  area  and  turn 
suddenly  for\Nard  at  the  posterior  angulation. 

MeasureTtwnts. — Height,  84  mm.;  length,  41  mm.;  breadth,  27 
mm. 

Occurrence, — Four  (and  two  doubtful)  specimens,  from  locality  \\ 
miles  east  of  Malone  station. 

Tliere  is  some  doubt  as  to  the  true  horizon  of  the  type  specimens  of 
this  fossil.  See  remarks  as  to  same  on  page  72,  under  Lucina 
potoHina, 
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.  ■  Ci'i'HiNA?  MrnKEwrviTZii  (Vii^iii,  ^^ 

I  I'l.  xiv.  n.  XV.  fig.  1.  ^H 

r  Cvpi'ltia  lUimilolrlati  tirifrurltiil  ('nii;1n.  IfSiS,  Fourtta  Ann.  Rept.  0«ot. 

Survey  TexaM,  |it.  2. 11.  \m,  I'l.  XXXVI.  figs.  3  to  5,  and  PI.  XL,  Hg  2. 

f        Cyp^'ina  KtreervritsH  Iihs  boon  found  only  in  ths  Tlirta,  nnd  pan 
»    hariily  \x  culled  nii  abumlant  frisKil.     Notwithstanding  it«  largo  sizo 

I  and  the  fact  that  spoi'ial  searoii  was  made  for  it  at  il.s  typf  Im-ality, 
1^  niiios  cast  of  Malum-  station,  thu  most  prolific  lamelliliranch  field 
known  in  the  Malone  formation,  only  II  incompMe  Mptx;ini«ns  and 
t  casts  wfire  found,  and  nonv  of  11k>sc  i^  &»  good  an  the  Hpocimon  ool- 
I  Iwted  there  by  Mr.  Wyschetxki.  the  toiMigrapher  of  Mr.  Vnn  Strwru- 
[  ivitz'ii  party,  in  1890.  They  were  all.  or  nearly  nil,  obtained  frmn 
.    the  we.st  slope  of  the  Truncate  mound. 

They  add  little  to  our  knowledge  of  the  species. 

*        The  cast,  owing  to  its  narrow,  very  elevated,  and  sti"nngly  arcJied 

I    beaks,  bears  considerable  resemblance   to  that  of   Vi/printi   tejfin/i 

.    Conrad.     Its  posterior  ai-ea  is  outwardly   Imunded  by  an  obtus(?ly 

I    compressed,  prominent  ridge,  interior  to  which  is  r  round -bottomed 

I    sulcus,  followed  by  another  radial  elevation  and  depression  within. 

E   The  casta  of  the  anterior  adductor  !«;ar  are  exceedingly  prominent. 

;\n   undersized  IliDUfih  appHrently  iKiniiJiIly   proportioned  cawl  has 

the  heisht  73  mm.;    breadth,  iH   mm.,  and   length  approximately 

80  mm.     The  largest  example  of  the  shell  has  the  beaks  broken  off, 

but  has  a  length  of  about  124  mm.     Another  s{>ecimen  of  the  shell 

|>resents  a  height  of  about  100  mm. 

Attached  to  some  of  the  specimens  by  the  stony  matrix  are  char- 
acteristic parts  of  Trigottia  fli/xrhetzkil,  T.  proncahra,  Liinu  intcr- 
fhieiifii,  Aitarte  hreiuaeola,  Mytibis  tiuntiuH,  Serpula  govdialh,  and 
other  fosJiilH, 

Tliere  remains  some  doubt  as  to  the  genus  of  this  shell,  as  the 
hinge  characters  have  not  been'  observed.  The  following  is  the 
original  description  of  the  species: 

Shell  Inrgp.  trinngiilar,  the  anterior  nnd  poNterlor  Hides  of  the  outline  betnR 
miliillrect.  the  bUHiil  eoiive.^.  height  luid  lon);th  of  shell  iilMiut  0(|uiil.  exceeiltn}: 
tlie  1 1  rem)  til :  lieaks  [iroiiiitieiit.  sHmited  somen- hut  in  lulviiiire  of  the  niidillt'. 
(lOMlerlorly  fljittened  or  ("oiicnve,  tlieir  wuimnits  turned  inwiird  and  fonvanl 
111]  tangent  or  xiilitiniKent  aliove  tlie  dcuvmviinl.  outwfirii,  and  liackwnn]  eurleil 
ii[ilifH.  tile  hitter  ovfrhanirlng  a  large  imil  deeply  iiiipresseil  heart- Hhu|NHl 
luniile.  ivlilch  ix  higher  than  wide,  and  Im  iHuiiided  lij'  a  niodonite  slope,  the 
inargliia  of  the  viiIvm  linniedlnlely  lielow  the  liinnle  foruiliig  no  such  keel  an 
is  seen  In  Ctiprlna  rricnwri,  tlie  anterior  termination  of  tlic  shell  t>elng,  on  the 
very  olitnse:  jioMterior  sloix'  In  cither  valce  hlcarlnnte.  having,  in 
lltion  to  the  jiriniiir.v  angulation  (vhii'h  ahrnptly  setinniU's  the  diM'nl  from  the 
tcrlar  K/u/f,  a  Hecoiid  and  Hiuilliir  radUil  imgulatiou  ut  u  iKMltion  wlilcb  1b  at 
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tirnt  al)out  two-thirds  of  the  ()i8tnnc*e  from  the  primary  aufnilntion  to  the  posterior 
shell-margin,  and  which  at  len;?th  reaches  that  margin  at  rather  more  than 
two-thirds  of  the  distance  from  the  beaks  to  the  distal  extremity  of  the  primary 
angulation ;  intercarinal  ixrvtv  concave,  that  included  by  the  sei-ondary  carinie 
forming  an  escutcheon,  those  included  between  the  primary  and  the  secondary 
carinie  continuous  with  the  posterior  flattening  of  the  umlMHial  summits; 
entire  exterior  of  tlie  shell  presenting  numerous  strong  i-oncentric  growth 
lines  and  divideil  off  on  the  disk  into  rather  broad,  subequal,  concentric  s&ones 
liy  narrow,  low,  and,  In  part,  obsolescent  concentric  ribs.     Valves  thick. 

Measurements. — Height,  88  mm.;  length   (approximately),  03  mm.;  breadth. 
74  mm. 

VENERID^E. 


Genus  TAPES  Megerle. 

.   Tapes?  cunbovatus  sp.  n. 
PI.  Xlll,  fig.  13. 


Shell  ^ntly  compressed,  thin,  cuneate-ovate;  the  convex-tapered 
jmsterior  side  narrowly  rounded  at  the  end;  anterior  side  rounded; 
base  gently  convex;  dorsal  margin  rather  abruptly  excavated  at 
front  of  beaks;  breadth  contained  about  one  and  a  half  times  in 
height ;  height  about  one  and  a  half  in  length ;  beaks  placed  at  pos- 
terior limit  of  anterior  third;  surface  finelv  concentric  striate. 

Measurements. — Height,  17  mm.;  length,  24.5  mm.;  breadth,  10 
or  12  mm. 

Occurrence. — A  mile  and  a  half  east  of  Malone  station;  represented 
by  a  right  valve  complete  as  to  form,  but  with  the  larger  part  of  the 
shell  removed  by  weathering,  enough,  however,  remaining  to  show 
the  character  of  the  ornamentation. 

imOJL.ADOMYir).4C. 
(;enus  PHOLADOMYA  Sowerbv. 

Pholaix)mya  tosta  (Cragin). 

PI.  XV.  figs.  2,  3. 

Anatina  tosta  CYagln,  ISJW,  Fourth  Ann.  Kept.  Geol  Survey  Texas,  pt.  2, 

p.  ir.s. 
Phfttadomya  tosta  (^ragln,  1897,  Jour.  Geol.,  vol.  5,  p.  817. 

Shell  large  among  its  congeners,  moderately  ventricose,  very  inequi- 
lateral, oblong,  with  rounded  extremities  and  long,  straight-convex 
to  feebly  sigmoid  base,  pointed-ovate  in  cross  section;  the  anterior 
region  short;  the  posterior  region  long  and  somewhat  narrowed,  its 
cardinal  margin  feebly  concave;  beaks  low-arched,  in  contact,  placed 
at  about  a  fifth  (sometimes  less)  of  the  shell  length  from  the  anterior 
end ;  entire  shell  presenting  fine  growth  lines  and  irreg^vWl^  \wVsi\- 
valed^  coarser,  concentric  imbrications,  wVvicVv  otv  wci  wxWvw  ^ovsj^. 
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and  a  aiipero-iiost prior  lurger  area  constitute  the  only  markings,  all 
of  the  shell  except  these  terminal  areas  being  crossed  by  radiating 
ribs,  of  which  there  are  about  20  on  either  valve.  The  ribs  are  nar- 
rowly compressed  and  rather  strongly  elevated  {eariniforin),  uftvn 
with  irregularly  crinkled  summits,  and  some  of  them  are  pressed 
backward  so  that  the  posterior  slope  is  comparatively  gentle,  while 
the  anterior  is  steep  or  overhangs,  giving  them  somewhat  the  appear- 
ance of  imbrications;  they  are  unequally  remote  and  separated  by 
brond,  flaltish-concave  intervals;  and  one  of  the  posterior  riljs  is 
usually  higher  and  larger  than  the  others,  the  two  or  three  that  ari> 
yet  posterior  to  this,  and  a  few  of  the  anterior  ribs,  being  less  pro- 
nonneed  than  the  others.  The  anterior  part  of  the  itase  ia  gently 
convex,  becoming  straighter  and  gradually  a  little  rising  [xtst^rior  to 
a  point  between  the  middle  and  the  posterior  end,  and  again  appar- 
ently a  little  descending  or  prominent  opix>sitc  the  largest  one  of  the 
posterior  ribs,  the  base  describing  thus  a  feebly  sigmoid  curvature. 
The  latter  feature  is  not  seen  in  all  specimens,  and  may  be  due  to 
mechanical  distortion. 

Measurements. — The  two  largest  specimens  average  about  fiO  mm. 
in  height.  The  breadth  is  apparently  about  thrtie- fourths  of  the 
height,  and  the  height  about  half  of  the  length. 

Oeeurrenoe. — ^Twenty-five  specimens  are  represented  from  locaUjg^ 
1^  miles  east  of  Malone  station.  - — 

Pholadomya  marcoui  sp.  n. 

PI.  XVI.  Rks.  1.  li. 

Shell  of  medium  or  small-medium  size  in  its  genus,  very  inequi- 
lateral, short-oblong  or  ovate-oblong,  more  or  less  rounded  at  both 
extremities,  ventricose:  posterior  cardinal  border  slightly  excavated; 
the  posterior  region  convex-cnneately  compressed,  gaping  narrowly  at 
the  upper  posterior  Ixirder;  Iwaks  situated  near  the  anterior  end,  ele- 
vated about  as  in  Pholadomya  canditla  Sby.,  or  P.  ylahra  Ag. ;  ■  sur- 
face, except  small  anterior  and  p<isterior  dorsal  portions,  ornamented 
with  a  few  (about  fi?)  remote,  feebly  exjiressed,  or  obsolescent,  carini- 
forni.  radial  ribs,  the  jMisterior  one  of  which  is  directed  nearly  straight 
backward  (slightly  downward),  and  also  unevenly  marked  with 
coarse  concentric  gi-owth  liites. 

Me.aK'tremeiitif. — Height,  3(-  mm. :  length,  ."ill  mm. ;  breadth,  32  mm, 

Oetiirmntr. — A  mile  and  a  half  east  of  Malone  station.  This 
Pholadomya  seems  to  Iw  less  connnon  than  either  P.  tonta  or  P- 
dum.hli.    Ten  examples  were  obtained. 

This  or  a  closely  related  form  whs  found  with  K-mi/i/ra  potosina. 
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etc.,  at  the  western  base  of  Malone  Mountain,  a  short  distance  north 
of  its  southern  end,  the  cast  bearing  indications  of  feeble  ribs  about 
as  in  marcoui,,  but  this  form — perhaps  modified  by  orogenic  move- 
ments of  the  matrix — being  longer,  lower,  and  smaller-calibered  than 
it  is*  normally  in  the  latter  species. 
The  species  is  named  for  the  late  Mr.  Jules  Marcou. 

Pholadomya  PAUCIC08TA  Rocmcr  ? 

PI.  XVI.  figs.  5.  G. 

Pholadomya  paucicosta  F.  A,   Roenier,  183G.     Verstelnerungen  des  Nord- 
deutschen  Oollthgeblrges,  p.  131,  PI.  XVI,  fig.  1. 

Form  stout,  curved-cuneate-pyrrform;  the  umbonal  region  widely 
inflated  transversely  to  the  length  of  the  shell ;  anterior  region  short- 
ened almost  back  to  the  large,  prominently  elevated,  tangent  umbones, 
which  are  thus  made  almost  terminal;  the  anterior  margin  slightly 
gaping;  posterior  region  widened  in  the  median  plane,  compressed, 
most  strongly  so  in  the  upper  part,  which  tends  to  a  keel-like  form 
and  gape^  considerably;  base  drawn  upward  rapidly  in  the  anterior 
part,  so  that,  in  connection  with  the  very  salient  beaks,  the  whole 
anterior  (including  umbonal)  moiety  of  the  shell  has  an  upturned 
appearance;  surface  ornamented  with  coarse,  unequal,  concentric, 
rostelliform  growth  plications  and  furrows  and  apparently  with  4 
or  5  low  folds  radiating  from  the  beaks  forward  and  downward  to 
the  basal  margin. 

Measurements. — The  dimensions  can  be  given  only  roughly.  They 
appear  to  average,  for  the  larger  specimens:  Height,  52  mm. ;  length, 
61  mm. ;  breadth,  48  mm. 

Occurrence. — Not  rare  in  the  Malone  Hills,  a  mile  and  a  half  east 
of  Malone  station.  Among  26  specimens  there  collected  the  mechan- 
ical distortion  has  been  such  that  no  two  are  quite  alike.  There  is, 
however,  a  central  phase  about  which  they  are  grouped  and  to  which 
several  of  them  closely  approximate,  affording  a  sufficiently  correct 
idea  of  the  normal  form ;  and  so  different  is  the  shell  from  any  other 
found  in  these  beds  that  it  can  1x5  recognized  in  any  of  its  false  shapes, 
though  the  radial  markings  arc  rarely  well  preserved  and  often  not 
shown  at  all.  A  specimen  was  obtained  by  Doctor  Stanton  near  the 
railroad,  about  2  miles  east-southeast  from  Finlay  station,  in  the 
northwestern  foothills  of  Malone  Mountain. 

Accepting  for  the  European  Upper  Jurassic  Pholadomya  pauci- 
costa Roemer,  the  wide  range  of  specific  variation  indicated  for  it  by 
Moesch,**  it  seems  impossible  to  separate  the  above-described  Malone 
species  from  it. 

•  MoDograpble  der  Pholadomyen.     In  Ahbandl.  Schwelz.  y>«»^.  ^«*«VV.>  N<i\«».  \  «l\A  '1. 
Bull.  260— m  M G 


8a  MAUlSE   JITIUS8IC   fOHMATKlN    OF   TKSAS.  [bui-i..  SOO. 

I'lUlI.AlK>MV'\    l'U,i;i-USlT.\    S]).    II. 
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Shell  suiilH  for  its  gt^nus,  ciiiieiit«-obloii^,  arched  Mniiowhat  down*^ 
Wiifd,  very  hrnnd  aci-oBS  the  aiitero-dnrsal  or  iinibonal  region,  the 
brcadlh  at  l«ast  wiiml  to  the  heigbl,  foin'ex-cuneately  imrrowfHl 
toward  tin-  hasti  and  rear;  anterior  fidt-  rather  (niiicate;  base  gi'iitly 
tonvex:  Iwakd  anterior,  terminal,  pi-ojpctiiifj  forward  a  Utile  heyond 
till?  nwt  of  the  shell,  directwl  forward  and  upward,  thvn  arched 
Btpoiigly  inward,  the  apices  curved  a  little  iMickward.  somewhat  com- 
jia*ss<id  US  if  by  ftcutle  prcs»uru  on  the  anterior  (or  inferior)  and  \>oh- 
terior  (superiur)  Hides;  surface  with  faint  concentric  markingH  and 
several  reinok-,  low,  slender,  cariniform  costelhe  which  radiate  from 
the  summit  of  the  IxmiUh,  the  anterior  fi  lor  more)  obti^juely  crossing 
the  inferior  (anterior)  umbonul  sloiw  to  the  base.  The  anterior  pan 
of  llie  ha-se  is  sharply  and  even  n  little  biwmeavely  compressed,  and  a 
limited  anterior  i-egioii  of  the  shell  is  free  from  the  cariniform  rays. 

M etimivetm-titx. — Height,  22  mm.;  breadth,  32.5  mm.  In  a  siccomi 
specimen,  height,  L*0  mm,;  breadth,  *iO  mm.  The  length  of  thus^e 
spccimenw  (at  lca«t  more  than  31  ram.)  can  not  be  exactly  given,  iiy 
they  are  posteriorly  broken  off,  A  third,  with  only  remnants  of  the 
fihell,  but  nearly  nomuil  as  to  fshape,  give^,  height,  20  mm. ;  breadth, 
'10  iiini.;  leu^'lli,  ;M  iiitii.  A  fourth  I'Miiiipli',  too  miii-h  wentliered  on 
Ww  flanks  to  give  the  breadth,  has  a  height  of  24  mm.,  and  a  length 
of  4S  mm. 

Ovi-iirreii<-€. — Four  examphis  from  locality  H  miles  east  of  Malone 
station. 

Genus  I'LEUROMYA  Agassiz. 

I*i,EiimiMVA  iNt'oNSTANs  C.  and  A. 

I't.  XVII,  lij-H.  1-5;  n.  XVIII.  figs.  1-3. 

I'lvuriimm   iiii-imKliiiiK  CimUllo  iiiui   Amillerti,   1805,   Bol.   Com.   Oeol.   Mes.. 

No.  1.  II.  10.  ri.  V.  fiKB.  15.  Iff,  nml  I'I,  VI.  Hkb.  1  to  4. 
I'liuriHiiyii  hiitiitilfiiin  L'niKlii.  ISO".  Jour.  <]<hiI.,  vol.  B,  \i.  81T,  footnote,  ami 

p.  81  a. 

Tlioogh  outnnmlH'red  nt  many  points  by  its  associates,  this  is  the 
iiKisi  generally  distributed  fos.sil  of  the  Malone  formation.  It  ranges 
through  the  entire  Theta  subdivision  of  the  Malone  hill.s  (Trio) 
f^H'tion.  or  so  much  of  it  as  is  exposed  at  the  locality  li  miles  east  of 
Xitloue  station,  whence  stu'eral  huiidivd  specimens  were  obtained. 
It  was  also  collected  by  me  in  the  lower  part  of  limestones  overlying 
foiiglomeiiile  in  the  anticline  at  the  eastern  base  of  Malone  Mountain, 
tiboiit  !  mile  from  the  southern  end.  iiiid  was,  I  believe,  found  in 
}'oiir\v  jnvsiTviid  examples  in  the  gap  west  of  the  Trio,  with  Trigonta 
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vyschetzkn  and  Axfarfe  mdlonenHiti,  The  material  collected  by  Doctor 
Stanton  includes  part  of  that  from  the  first  two  of  these  and  also 
specimens  from  the  following  localities:  Two  miles  west  and  also 
about  the  same  distance  south  of  west  of  Malone  station  (here  in 
Nos.  13  and  25  of  his  Malone  Mountain  section) ;  foothill  west  of 
Malone  Mountain,  2  miles  north  of  its  southern  end;  and  west  base 
of  the  mountain,  near  its  southern  end. 

On  the  anterior  part  of  the  umbonal  region  of  this  shell  therc 
descends  to  the  base  a  zone  of  c<mstriction,  as  if  the  shell,  wiien 
plastic,  had  been  pinched,  making  the  valves  there  gently  concave 
and  the  base  a  little  reentrant,  a  feature  which  is  often  pronounced, 
though  sometimes  scarcely  i>erceptible.  When  viewed  from  below, 
the  base  is  usually  seen  to  be  twisted,  pre.senting  a  more  or  less  decided 
right-and-left  sigmoid  flexure.  The  right  hinge  margin  overlaps  the 
left.    The  shell  gapes  narrowly  at  the  posterior  end. 

This  fossil  well  sustains  the  reputation  of  the  Pleliromyas  for 
variability,  meriting  its  specific  name  even  better,  if  possible,  in 
Texas  than  in  Mexico.  Manifold  shades  of  form  present  themselves — 
some  natural,  others  dynamical  modifications  of  these* — but  all  seem 
to  intergraduate,  and  the  specific  place  of  numy  of  them  becomes 
indeterminable  the  moment  an  attempt  is  made  to  group  them  in 
more  than  one  species.  For  this  reason  and  becaust*  some  of  the  speci- 
mens agree  perfectly  with  those  described  and  figured  by  Castillo 
and  Aguilera  from  the  Upper  Jurassic  of  San  Luis  Potosi  as  Pleu- 
romya  inconMans^  all  are  referred  to  that  species. 

The  cuneate,  the  subcylindrical.  and  the  Gresslya-like  variations 
that  have  been  recorded  from  the  Sierra  de  Catorce,  all  are  repre- 
sented in  the  collections  from  the  Malone  district  also.  What  appears 
to  be  the  central  phase  for  the  latter  district  may  lx»  described  as  fol- 
lows: The  posterior  terminal  region  of  the  shell  is  usually  somewhat 
narrowed,  sometimes  strongly  so,  and  is  recurved  or  obliquely  up- 
turned; the  anterior  margin  descends  in  a  convex  oblicjue  line  to  an 
obtusely  pointed  or  narrowly  rounded  corner  in  which  it  meets  the 
horizontal  or  often  somewhat  downward -deflected  anterior  prolonga- 
tion of  the  base.  The  anterior  end  thus  presents  a  '"  Roman-nosed,*' 
or  '*  hook-nosed,''  a[)pea ranee,  and  the  shell  as  a  whole,  viewed  later- 
ally, presents  a  sigmoid  flexure,  while  the  basal  margin  presents  such 
flexure  whether  viewed  from  the  side  or  from  below.  This  is  by  far 
the  most  abundantly  represented  form  of  the  spe<»ies  in  the  Malone 
district,  and  it  attains  the  largest  size.  That  it  also  occurs  in  the 
Sierra  de  Catorce  is  indicated  by  Castillo  and  Aguilera 's  very  excel- 
lent and  comprehensive  description  of  the  species,  of  which  a  transla- 
tion is  here  added : 

Shen  inequilateral,  of  variable  form,  soniotinies  truncate  o\\  tV\^  wcv\.vi\\v\^  X^'^^- 
der,  sometimea  with  this  same  border  salient;  U^e  Kei\QTo\  Clo\\\\\\^vw\,V>^\oi\'**  <^xsv\sv 
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triEoiial,  Itdi-i'iil  rugioii  llttli'  ilt^vi-loiiwl.  cxlremelj-  Bimill  cdiuiMirpii  with  the 
iinal  regliiu ;  cxcavHUtl  heliiw  tlu!  Iii-iikii.  with  itti  extrpnifty  rounilei]  In  Home  iDill- 
vidunle,  In  otbeni  obliquely  Irimoiitwl.  iiml  sallpnt  In  it«  lower  |>nrt.  whlcli  Is 
rantinuoiis  with  tbp  ventrul  iHircIer  forming  nu  obtuse  angle.  Benkti  Hltutited 
fn  tbe  HUterlor  Iblnl  or  tlip  shell.  vnr>'liiK  their  pottltlon  In  the  dlfTerent  Indi- 
vlftnulH  froiQ  nearly  ternilnal  to  «iilH-entrnl ;  broad,  roiivex,  BOtueUines  present- 
Inj;  two  obtuse  keelH.  one  on  each  Mtde  of  tbe  apex  of  the  beak.  Annt  region  rery 
large,  conre:;,  or  ilPpresBed.  imrrowt^d  Uiwurd  Its  extremltf,  which  Is  ronnded 
Uorxnl  Imrder  Htrolghl  or  Hllgbtl>'  I'oncMve  on  the  nnnl  side,  omxldprably  fxra- 
VHted  oil  tbe  but-triil  Klile.  Wiitral  lionler  iieurly  otralgbt.  feebly  raised  at  the 
estreiiillleB,  but  notnbly  mow  nt  the  nnal  aide-  Flanks  BometlmeB  very  courex. 
Elrlng  lo  the  ahell  it  fyllixlrlt^nl  form,  itnd  Koiuetliiiea  ilefireinted  ho  that  ttiey 
make  It  eutieiforrii :  llio  si-iwter  eonvesity  la  always  In  the  tuiterlor  imrt  of 
tbe  shell  HUd  lieluw  the  U'llka.  Sui'fuit'  onminented  with  uoii centric  furrows 
whicb  i-ontriiat  with  tlie  fine  [liics  of  growth.  I^ugtb,  34  to  03  mm.;  breadtb 
with  relutlou  to  the  leugth.  0.4T  to  O.IH ;  thickness  with  ri-lutlou  to  tbe  length, 
o.;h  to  0.4a, 

Catntillo  aifd  Aguilera  Htipplement  this  descriptiou  with  tlie  follow- 
ing ronittrks: 

We  possess  of  ibla  sDecieK  only  molds  and  Imperfect  rxamplea,  but  thexe  ahow 
tbe  ornamentation  of  the  shell  nnd  Its  yery  feeble  thlchneas.  The  variation  In 
tbe  characters  of  tlili  ajiecles  Is  not  limited  merely  lo  the  eniitouT  and  the  oUier 
details  of  form  of  the  shell,  hut  Is  also  manifested  In  the  mode  of  ocv'Urreuce  of 
tbe  shell,  wbleb  is  e<|tiivalve  in  the  more  convex  forms  uuil  evidently  tM^enmoii 
more  and  more  Inequivalve  In  sn  far  as  It  reHchex  foniiN  In  whirh  the  right 
vfllve  Is  more  elevated  than  the  left  In  such  a  miiinier  that  the  dorsui  liorder 
before  and  lielilnil  the  beaks  passes  over  the  dorsal  border  of  the  opposite 
valve,  exactly  as  In  the  Gresslyns.  to  which  genus  these  forms  could  be 
referred  without  hesitation  If  they  were  found  Isolated,  as  to  some  extent  the 
uml>onal  crests  of  whleh  we  have  spoken  above  would  make  this  position  of  the 
shell  In  the  genus  Uresulya  more  pro|)er,  since  tbe  obtuse  furrow  which  is  found 
along  the  umbouul  crests  somewhat  resembles  tbe  obli(]ue  furrow  which  tbe 
molds  of  the  Oresslyas  present  In  the  right  valve  and  which  in  these  corre- 
sponds to  the  Internal  hiniliin.  Fortunately  we  have  met  with  abundant  exam- 
ples which  luive  permitted  us  to  follow  all  tbe  variations  of  tbe  shell,  forming 
a  series  whose  extremes,  taken  without  tbe  Intermediate  forms,  could  without 
hesitation  be  referred  to  the  genera  Pleurumya  and  firesslya,  respectively. 


PlEUHOMYA  INCON8TAK8  Var.  CURTA  VBT.  n. 
PI.  XVIIT.  flg.  4  :  Pi.  XIX.  tigs.  I, 'i. 

Cuneate-obtoiig  to  ciineate-ovate,  much  shorter  than  the  lengths  of 
Pleiiromya  inconstnns  that  pi-evail  in  (he  Theta  member  of  the 
Malone  formation,  and  rather  compressed;  the  tiarrowly  gaping  pos- 
terior region  nf  the  shell  slightly  recurved,  obliquely  truncate;  ante- 
rior region  <l<ised:  ventral  margin  gently  nnd  evenly  convex:  dorsal 
margin  much  less  I'xcuvjited  before  tiie  Iwaks  than  that  of  Plevromyn 
ptf.veijvimt  trOrbigtiy;  JH-aksmore  nearly  terminal  than  in  that  species, 
often  unequally  eJevated,  the  right  beiug  live  higher,  as  seen  in  some 
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species  of  Pleuromya  and  more  commonly  in  Gresslya,  the  casts,  how- 
ever, lacking  the  pronounced  right  dorsal  groove  of  the  latter  genus. 

Occurrence. — In  the  horizon  of  Exogyra  potoHina^  GerrUlia  (rinder- 
ella^  etc.,  at  the  west  base  of  the  southern  part  of  Malone  Mountain, 
and  in  the  Theta  nienil)er  of  the  Malone  Hills,  1 J  mile^  east  of  Malone 
station.  The  types  are  from  the  former  locality.  At  both  places  the 
type  variety  of  Pl^iromya  inconiatuns  as  figured  by  Castillo  and 
Aguilera  also  occurs,  but  in  the  former  situation  curia  is  common, 
while  in  the  latter  it  is  rare. 

This  form,  so  far  as  is  indicated  bv  the  known  material  from  the 
Malone  Mountain  locality,  does  not  intergraduate  with  Pleuromya 
hwonMan^i^  and  may  represent  a  distinct  species;  but  at  the  locality 
in  the  Malone  Hills  some  of  the  forms  of  the  multivariant  IrxonHtanr. 
seem  to  lead  up  to  it,  and  it  is  therefore  here  considered  a  variety  of 
that  species.  Its  general  proportions  are  not  unlike  those  of  the 
Callovian  species  Pleuromya  peregrina  d'Orb.,  from  which  it  is  dis- 
tinguished by  the  recurved  posterior  region,  the  position  of  the  beaks, 
and  the  less  de(*idedly  excavated  anterior  dorsal  margin. 

A  (iresslya-like  si^ecimen  of  Pleuromya  from  the  locality  east  of 
Malone  station,  whose  form  resembles  somewhat  that  of  G.  gregaria 
Gold  fuss,  is  provisionally  considered  as  a  Inechanical  deformation  of 
this  variet}',  though  it  may  be  such  of  one  of  the  shorter  examples  of 
the  variety  inconHtans^  or  even  be  specifically  distinct. 

ANATINID^*]. 

» 

Genus  ANATINA  Lamarck. 

AnATINA    OBLIQUIPLICATA    Sp.    U. 
PI.  XVI,  flj?s.  7.  8. 

Shell  among  the  smaller  species  of  its  genus,  relatively  compressed, 
inequilaterally  elon«fate-oblong,  rounded  anteriorly,  attenuated  back 
of  the  beaks;  the  gaping  posterior  side  shorter  than  the  large  and 
closed  anterior;  the  shell  somewhat  pinched  or  conclave  on  the  ven- 
tral part  in  advance  of  the  beaks  (the  ventral  margin  a  little  tor- 
tuous?);  l>eaks  small,  low,  situatt»d  near  the  limit  of  the  anterior 
third;  surface  of  the  thin  valves  ornamented  with  concentric  growth 
lines,  and  on  the  anterior  region  with  a  series  of  coarse  and  prominent, 
oblique  undulatory  folds  w^hich  are  nearly  straight  and  trend  about 
equally  upward  and  forward.  The  folds  are  obtuse  at  summit  and 
are  separated  by  sul)equivalent  round -bottomed  intervals;  the  dis- 
tal 5  occupy  the  valve  to  a  distance  of  about  14  mm.  from  its  antero- 
ventral  margin. 
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M vmiiremeutH.—Win^hU  ii3  mill, ;  len0h.  5S  mm. ;  breadth,  14  mm. 
BeAks  placed  at  ^0  iiini.  From  the  utiUtrior  (>.xtrpmity. 

Orourrctire. — Kig^Iit  specimens  from  locality  1^  miles  east  of  Ma- 
lone  stBtiuii. 

AnATINA?  M.II'I'I.IFKRA  Sp.  tL  ^^H 

n  XVI.  flKS.  !l.  W.  ^^B 

Shell  of  Hniall  medimii  size  in  the  geiiiiK,  oblong,  anteriorly  roundc<i. 
posteriorly  truncate,  Mtrongly  eumpn-Kscd,  moderately  gaping  ii( 
ftiitcrior  and  posterior  extreniitiw';  the  postpvior  region  relatively 
little  eontraeted;  beak.^  low,  narrowly  compreased  with  the  shell 
itiself,  sitiiiited  about  at  the  posterior  limit  of  the  anterior  third  of  the 
shell;  Hiirface  ornamented  with  strong,  snbcqual,  concentric  pliculea 
and  grooves. 

Mermiri'/n-enit. — lleiglil.  all  niiii.:  length,  4fl  mm.;  breadth,  14  mm. 

Ocmrrenre. — A  mile  and  a  half  east  of  Malone  station.  Repre- 
sented by  only  one  specimen. 

There  is  some  ap|w:ir«nce  of  an  anterior  radial  angulation  of  the 
shell,  directed  forward  and  downward  to  the  anterior  extremity :  but 
the  condition  of  preservation  of  the  typi*  is  such  ns  make^  it  impos- 
sible to  det«rmine  whether  this  is  really  n  feature  of  the  shell  or  not. 

(Jenus  THKACIA  I^acli. 

TllRAClA?  MALONIANA  Sp.  H. 

PI.  xrx.  fiR.  li. 

Shell  very  thin,  inequilateral,  compressed,  commonly  about  the 
sizt^  of  Thrii<-i(j  hircrtii  Agassiz,"  sometimes  larger,  inclinetl  to  be 
moi-e  posteriorly  produced,  or  heel-like,  at  the  lower  anterior  l>order. 
trapezoid-ovate;  posterior  side  narrowly  gaping  in  the  upper  part; 
In-aks  of  moderate  size  and  eh'vation,  situated  about  as  in  th  ■ 
T.  hiceri'i,  tlieir  posterior  sloj)e  aiigulated;  surface  marked  with 
parallel,  moderately  eh-vated,  compressed  linear,  or  cariniform,  coii- 
ceulrii'  pliiides  s^'parated  liy  pai-tly  equal  ;ind  partly  une<pial  inter- 
vals of  two  or  three  times  tlieir  own  width. 

.Ui-Diun-Diri.f^.—Of  cousiilerahly  llie  largest  example,  height,  4" 
mm.:  lengtli,  alM>iil  (><)  mm.:  breaihh,  about  'iO  mm.  Of  a  more  com- 
mon size,  heiglit.  :i7  mm. ;   length,  4i)  mm. ;   breadth.  18  mm. 

()i-riii-rfH('i\ — Six  specimen-^,  all  easts,  two  of  which  show  char- 
acteristic traces  of  thi-  markings,  weir  collected  11  miles  east  of 
Miilone  station. 
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Genus  CORBULA  Bruguiere. 

CORBULA   ?    MALONIANA    Sp.    n. 

in.  XIX,  tic:.  7. 

This  namo  is  provisionally  proposed  for  a  small,  transverse,  tri 
angular-ovate,  moderately  ventricose  cast  of  a  right  valve  belonging 
apparently  to  this  genus,  but  unknown  as  to  hinge  or  shell,  obtained 
by  D(K*tor  Stanton  from  the  same  horizon  that  yielded  the  broadly 
triangular  examples  of  Exogyra  poto»ina^  at  the  west  base  of  Malone 
Mountain,  a  short  distance  north  of  its  southern  end.  The  height  is 
about  six-tenths  of  the  length ;  the  posterior  end  is  slightly  produced 
or  pointed;  the  l)eak  is  pyramidal;  the  pallial  line  is  coarse  and 
.strongly  impressed.  The  species  should  possibly  be  referred  to 
Neaera. 

MeasvrementM, — Height,  5  mm.;  length,  a  little  more  than  8  mm.; 
breadth  indicated  for  cast  (that  of  the  left  valve  being  restored), 
about  4  mm. 

PIIOLADIDil^. 
Genus  MARTESIA  Ix^ach. 

Martesia  mau)niana  sp.  n. 
PI.  XIX,  ng».  3-5. 

The  types  of  this  species  are  two  casts  of  compres.sed-conoidal 
shape,  with  portions  of  the  shell,  in  matrix.  They  are  straight  (not 
at  all  arcuate)  and  taper  rapidly  from  the  large  anterior  region.  The 
compression  is  scarcely  expres.sed  in  the  innlKmal  region,  but  increases 
posteriorly.  The  base  is  rectilinear.  Radiating  downward  from 
either  beak  to  the  base  are  two  remote,  transversely  striated  furrows, 
of  which  the  anterior  is  the  wider  and  the  posterior  is  the  more 
deeply  impressed. 

The  markings  seen  on  the  casts  are  apparently  an  index  of  those 
peculiar  to  the  shell.  The  casts  do  not  indicate  the  character  of  the 
accessory  plates. 

Measurements, — The  casts  measure,  height,  11  nmi.;  breadth,  10  to 
nearly  11  nmi. ;  length,  upward  of  15  mm.;  the  posterior  extremity  of 
each  being  broken  off. 

Oecurrenee. — Obtained  by  Doctor  Stanton  in  No.  18  of  his  Malone 
Mountain  section,  on  the  west  side  of  Malone  Mountain,  south  of  west 
from  Malone  station.  Besides  the  types,  a  considerable  number  of 
less  satisfactorily  preserved  casts  and  fragments  of  casts  w^ere  col- 
lected in  their  borings  in  fossil  wood,  at  the  same  locality. 
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A  cast  of  Mart&sia  referred  to  this  species,  obtained  at  the  anticline 
in  the  east  side  nf  Mulone  Mountain  almul  1  inili'  north  of  iU  southern 
end,  hIiows  a  more  posteriorly  produced  form  tlian  might  be  inferred 
from  the  abovs-described  types,  indicating  that  a  considerable  length 
has  been  broken  off  from  each  of  the  latter. 

Borings  presumed  to  have  been  those,  of  Martesia  were  aiao  found 
1|  miles  east  of  Mnlone  station. 


GASTROPODA. 

FLETTROTOMARIID^E. 
Genus  PLEIJROTOMABIA  IJefrance. 

PlXtTKOTOMAHIA   (URIillMTllUNrA  Sp.  n. 
V\.  XIX.  Ugs.  8,  a 


»*ff 


Shell  conical,  consisting  of  5  to  C>  flattened  or  in  part  concaW' 
whnrls,  the  slope  of  spire  nearly  straight,  that  of  the  entire  shell,  how- 
over,  concave,  owing  to  the  form  of  the  body  whorl;  spire  acute: 
sutures  lightly  impressed,  lx)rdered  by  a  low  elevation  alx)ve  and 
below;  body  whorl  coniM-ve  alxive  the  peripheral  zone,  its  periphery 
canalicuiate-trimcate,  or  having  two  low,  abrupt  angulations  with  a 
narrow,  shallow-concave  belt  between  them  (and  which,  in  the  poorly 
prcsi'rved  and  sometimes  more  or  less  distorted  specimens  connnonly 
found  at  the  type  locality,  occasionally  appears  like  a  merely  flat 
truncation) ;  surface  of  the  entire  shell  ornamented  with  fine, 
crowded,  revolving  raised  lines,  so  minute  as  to  be  scarcely  visible  to 
the  naked  eye,  and  of  which  (in  one  of  the  types)  there  are  11  on  the 
peripheral  canal  of  the  body  whorl.  The  aspect  of  the  peripheral 
canalicular  truncation  is  outward  and  slightly  downward. 

Measurements. — Height,  20  mm.;  breadth,  19  mm.;  angular  diver- 
gence of  the  slopes  (excluding  the  body  whorl),  06°. 

Offrm-retife.— One  and  a  half  miles  east  of  Malone  station,  in  the 
lower  part  of  the  Theta  subdivision  of  the  section  there  exposed ;  with 
Delpfiimi/a  ttfatifoni.  Turbo?  bejieclatkratun,  Natica  williamsi,  Nerita 
nodilirata,  (fernillm  corruguta,  etc.     Represented  by  eleven  examples. 

TROCHID.^. 
Oenus  TURBO  Linmeus. 

TlTIIIlO   ?  BENECl.ATHRATHS  Sp.  n, 

n.  XIX.  npt.  10. 11. 

Shell  rather  small,  lurbinale-oonical,  composed  of  about  4  ventri- 
cost-  whorls;  s])ire  and  body  whorl  about  equal  in  height:  body  whorl 
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flattened  and  angulated  on  its  upper  part,  the  flattened  zone  being 
rather  narrow  and  adjacent  to  the  suture;  aperture  subovate;  outer 
lip  thin  (?) ;  inner  lip  covered  with  a  calcareous  callus,  which  is  so 
arched  as  to  indicate  the  presence  of  a  low  fold  or  tooth-like  protuber- 
ance below ;  entire  surface  ornamented  with  a  regular,  open  lattice- 
work of  narrow,  stronjrly  elevated,  transverse  ribs,  which  are  crossed 
by  similar  but  somewhat  more  delicate  revolving  ones,  the  points 
of  intersection  being  slightly  protuberant  to  subtubercular,  and  the 
rectangular  included  intervals  being  gently  concave  and  each  marked 
by  several  raised  growth  lines. 

Measurements. — Height,  19.5  mm.;  breadth,  17  mm. 

Occurrence, — A  mile  and  a  half  east  of  Malone  station;  with 
Gryph(Fa  mexicaiia^  Pleurotomaria  circumtrunca,  Natica  williamai^ 
etc.  Known  only  by  a  single  specimen,  which  has  the  bas3  and  the 
margin  of  the  outer  lip  broken  off.  It  is  possible  that  specimens  with 
the  apertural  characters  well  preserved  might  show  this  shell  to 
belong  to  Purpurina. 

Genus  DSJLPHINULA  Lamarck. 

Delphinula  stantoni  sp.  n. 

PI.  XIX.  figs.  12-14. 

Shell  rather  small,  conoidal-turbinate,  narrowly  umbilicate,  con- 
sisting of  4J  ventricose  whorls,  thick,  especially  in  the  vicinity  of  the 
peristome;  spire  about  equal  to  the  body  whorl  in  height;  aperture 
circular  or  nearly  so;  whorls  rather  closely  ornamented  with  revolv- 
ing lines  of  crowded  and  small  but  prominent  granules,  each  granule 
shown,  when  the  ornamentation  is  well  preserved,  to  consist  of  a  stout 
hood-like  imbrication;  body  whorl  flattened  above  in  a  rather  broad 
zone  that  looks  upward  and  outward,  and  is  externally  limited  by  an 
angulation  that  is  marked  by  a  line  of  relatively  coarse  and  promi- 
nent hood-like  imbrications,  below  which,  in  a  narrow  zone,  the 
surface  of  the  whorl  is  again  somewhat  flattened  and  looks  outwardly, 
a  second  line  of  relatively  coarse  and  prominent  granules  traversing 
the  flattened  upper  slope  of  the  body  whorl,  just  l>elow  the  suture. 
Between  the  upper  and  lower  lines  of  coarse  imbrications  there  are 
two  lines  of  the  smaller  ernes,  and  between  the  lower  and  the  umbilical 
border  there  are  nine. 

M easitrementH.— W^i^i^  16  mm.;  breadth,  18  or  14  mm.;  angular 
divergence  of  slopes,  80°. 

Occurrence. — A  mile  and  a  half  >east  of  Malone  station,  in  the  lower 
exposed  part  of  the  Theta ;  associated  with  Natica  williamsi^  Pleuro- 
tomaria circurntrufwa^  Gervillia  corrugata^  Gryphcea  m-exicana^  and 
many  other,  especially  of  the  smaller  of  the  M».\owe  iofSK^^*   ^\n^ 
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s()t!ciiiipns  wcri'  i-olWted,   four  of  them  by   Docttir  Stanton,  after 
whom  the  Hpccics  IK  iiamiHl. 


ISfERITir).5C. 

Genus  NERITA  Liiiiiipiis. 

Nerita  Nonii.iRATA  sp.  n. 

I'l.  XX.  liRs.  1-1. 


f-ftpeMonuS^^ 


Sliell  thieir,  composed  of  "fj  to  ■'5  whorls,  its  very  ohttise-apexi 
rioi'  cast  loosely  c-oiled  and  milking  only  ulwut  n  revolution  and  a 
half;  hody  whorl  obtusely  angnlated  above  the  middle,  somewhat 
ooncave  above  the  angulation  and  again  convex  above  tho  eoneave 
zone;  spire  very  small,  riaing  hut  little  atjove  the  body  whorl; 
aperture  semilunar;  |>eri8tome  considerably  thickened  Ixdow;  colu- 
melliir  area  broadly  flattened  and  overspread  with  a  cjiUiis;  whorls 
'  transversely  trenchant-striate.  or  marked  with  eiosi'  and  abruptly 
elevated  transvei'se  lines,  and  bearing  tuljen-ular  or  noded  ribs: 
expofft'd  parts  of  the  spire  whorls  and  the  eiinvs|)iiiidiii{;  (iipix'r)  part 
of  tlie  hody  whorl  bearing  rather  remote,  inriipri'ssi'd,  Ininsverse  ribs. 
each  of  which  bears  •>  remote  nodes  (the  lower  iimie  Iji'iiig  at  the  locu 
of  angulation  in  the  body  whorl  and  just  almve  the  inferior  suture  in 
spire  whorls),  tliese  ribs  contimied  as  sinijdi'  ridges  nc^o^s  the  lower 
part  of  the  whorls  in  very  young  shells,  but  on  the  Ixidy  whorl  of  older 
ones  giving  place  to  4  or  5  revolving  interrupted  ribs  or  rows  of  low, 
elongate  graimles  or  tubercles. 

Mentmrements. — Height,  27  mm.;  breadth,  30  mm.;  these  dimen- 
sions representing  eonsiderably  less  than  the  maximum  size.  The 
two  lurge-st  specimens  at  hand,  thongli  too  impei-fect  for  exact  niens- 
urement,  indicate  dimensions  between  one-third  ami  one-half  greater. 

0<i'in-iv»<f. — Especially  abundant,  with  Nath-ii  irillinmfi  arid  other 
(lasteroiwda,  in  lower  strata  of  the  exposed  part  of  the  Theta,  between 
the  Trio  and  the  Truncate  mound,  l>eing  represented  in  my  collection 
by  54  specimens. 

The  species  belongs  lo  the  subgenus  Lissoclulus. 

NeRITA   (■INI.AVKNHl.S  Sp.   n. 

I't  XIX.  fls-  t^>. 

General  form  somewhat  like  that  of  ,V,  noth'llrtita.  both  body  ^vhorl 
and  spire,  however,  a  little  more  elevated:  whorls  few;  l»ody  whorl 
with  an  even,  obtuse,  n'volving  angulation  near  the  middle,  the  same 
Iteing  obsolete  near  the  aperture,  where  the  shell  is  almost  evenly 
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rounded,  and  ^'adually  l)ecoming  noticeable  as  it  recedes  from  it  at 
half  a  turn  from  the  ai>erture;  the  same  angulation  apparently 
continued  on  the  lower  part  of  the  spire  whorls;  base  of  first  spire 
whorl  rising  abruptly  from  the  upper  margin  of  the  body  whorl,  the 
suture  thus  l)eing  strongly  indicated ;  surface  of  shell  devoid  of  trans- 
verse (vertical)  ribs  or  nodes,  plain,  crossed  with  finer  and  coarser 
growth  lines. 

Measvrements. — Height,  about  20  mm. ;   breadth,  18.5  mm. 

Ocetn^ence. — One  specimen,  obtained  in  foothills  at  the  northwest 
end  of  Malone  Mountain,  about  2  miles  east-southeast  from  Finlay 
station. 

Nerita  peroblata  sp.  n. 

PI.  XIX.  figs.  Ki,  17. 

Shell  obliquely-depressed  oval,  consisting  of  2  whorls;  spire 
involved,  or  rising  but  feebly  above  the  adjoining  whorl  border; 
body  whorl  ra[)idly  increasing  its  centrifugal  expansion  with  spiral 
distance  from  its  origin,  convex  on  its  outer  and  lower  parts,  flattish 
on  an  upper  zone  which  is  limited  below  by  an  obsolescent  spiral 
ridge;  aperture  semicircular;  inner  lip  without  teeth,  bearing  a 
thick,  flat-surfaced  callus;  outer  lip  with  simple  acute  border;  sur- 
face of  shell  plain,  presenting,  besides  the  obsolescent  spiral  ridge, 
only  growth  lines,  some  of  which,  more  pronounced  than  the  others 
and  occurring  at  irregular  intervals,  constitute  coarse  constrictions  and 
ridges  which  are  conspicuous  also  on  parts  of  the  cast  from  which  the 
shell  has  l)een  removed.  Of  the  outer  lip  in  the  type  only  the  lower 
border  is  preserved,  but  this  shoWs  the  simple  and  acute  character 
above  described. 

MeamtrejjientH, — ^Height,  41  mm.  (of  which  the  spire  occupies  barely 
2) ;  breadth,  44  mm.;  height  of  aperture,  35  mm.;  greatest  (obliqueh 
centrifugal)  diameter  of  same,  29  mm. 

Oecmn^ence, — Known  only  by  one  example,  which  was  asso(*iated 
with  Nevita  nod  II I  rata  ^  etc.,  H  miles  east  of  Malone  station. 

Max  Schlosser"  comments  (m  tlie  Jurassic  forms  of  this  genus  as 
follows,  translated : 

The  Jurassic  Neritas  are  distinguished  from  the  typical  by  the  Imperfect 
(yerita  chromntica  ZItt. )  or  wliolly  obsolete  toothing  of  the  Inner  lip  (Nerita 
zitteli,  neinnayri).  Tlie  outer  lip  is  always  simple  with  cutting  border.  As 
the  only  departure  from  this,  one  observes  a  greater  or  less  thickening.  On 
the  inner  lip  appears  a  mostly  very  strong,  often  indeed  high-arched  callus. 
The  general  habit,  however,  agrees  so  well  with  the  recent  forms  that  the 
ere<*tion  of  a  new  subgenus  appears  Inadvisable. 


•  Die  Fauna  der  Kelholiner  DIceras-Kalkes :   Palaeontographlca,  vol.  28,  p.  93. 
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Genus  TURRITKLLA  Lamarck. 


meftf*  M 


TtTUIlTEI.LA   BUBItAim  sp.  n. 
PI.  XX.  fl«.  5. 

Shell  tiirreted.  of  moderate  size  for  a  Tiirritella,  consisting  of  numi 
ous  whorls,  which  are  greatly  convex,  wider  than  high,  and  medially 
carinate  by  virtue  of  the  ornamentation,  bearing  four  granulated, 
revolving  raised  lines,  of  which  one,  much  larger  and  more  prominent 
ihan  the  otheni,  and  more  decidedly  cariniform.  cro.sse9  the  middli?  of 
the  whorl,  white  2  of  the  3  smaller  and  snbequal  ones  are  placed, 
respectively,  just  below  and  just  above  the  iipi)er  and  lower  limiting 
suture,  the  remaining  one  Wing  placed  l>etween  the  uppermost  oue 
and  the  large  czarina,  and  nearer  to  the  former  than  t«  the  latter,  so 
that  the  3  intervals  increase  stTially  from  uppermost  to  the  lowemuwt. 
Aperture  unknown. 

SfeaJturementM. — The  type  and  only  known  specimen  includes  four 

largely  embedded  whorlM  within  a  span  of  14  mm.     The  largest  one 

of  these  whorls  has  a  height  of  4..'>  mm.  and  an  exposed  breadth  of 

B.5  mm.,  which  is  less  than  the  true  breadth,  only  about  a  third  of  e-ach 

,  'whorl  being  free  from  the  matrix. 

O'^furreiire. — In  the  anticline  on  the  east  slope  of  Malone  Moun- 
tain, nearly  1  mile  north  of  its  southern  end;  collected  by  Doctor 
8tanton. 

The  species  is  named  after  a  former  traveler  in  Mexico,  Mr.  Joseph 
Burkart,  who,  as  quoted  from  his  "Aufenhait  und  Beisen  in  Mexico 
in  den  Jahren  1825  bis  183i  "  by  Castillo  and  Aguilera,  on  page  V  of 
their  Fauna  Fosil,  has  recorded  a  Turritella  (identifted  as  to  genus 
by  Profes.sor  Goldfuss)  as  collected  by  him  in  the  Mineral  de  Catorce 
some  three-quarters  of  a  century  ago.  The  sfjecies  collected  by  him 
may,  by  no  means  improbably,  have  corresponded  in  geological  age 
and  in  kind  with  the  Malone  species  above  briefly  described. 

VERMETID,*:. 

Vermetits  cintNE.ioi  Castillo'and  Aguilera  ?, 

I'l.  XX.  flg.  ♦!. 

mnifjiii  CimtlMo   and   Aguilera.   1895.   Bol.   Com. 

12.  I'l.  VI.  llKH. .'-..  U,  timl  7. 

Plight  siiecimons  of  Vermetus,  from  the  Theta,  IJ  miles  east  of 
Malone  station,  are  referred  to  this  species.     They  .>ihow  only  the  inner 
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whorls  and  only  one  of  them  approaches  in  size  the  smallest  one  of  the 
types  figured  from  the  Sierra  de  Catorce  by  Castillo  and  Aguilera. 
The  cavity  is  oval  in  cross  section,  and  its  lesser  diameter  is  equal  to 
about  four  times  the  thickness  of  its  wall. 

The  following  is  a  translation  of  the  specific  diagnosis: 

Shell  Bmnll,  free  In  the  adult  state,  tubular,  InroIIed  planorblform,  sinistral, 
last  whorl  unrolled.  Tube  rugose,  bearing  two  spiral  carlnse  at  the  base,  the 
exterior  more  prominent  than  the  Interior,  Inclosing  between  them  a  narrow 
furrow.  Aperture  circular  or  slightly  oval.  Surface  .furrtlshed  with  sinuous 
growth  lines  and  quite  pronounced  on  the  upi)er.part  of  the  whorls,  less  so  on 
the  inferior  part. 

NATiciD^:;. 

Genus  NATICA  (Adanson)  Lamarck. 
Natica  williamsi  sp.  n. 

PI.  XX.  flgs.  7,  8. 

Shell  of  medium  size  in  its  genus,  imperforate;  whorls  5;  spke 
small,  short,  and  concave,  giving  it  an  apiculate  aspect  when  well  pre- 
served, its  height  about  one-fifth  of  that  of  the  entire  shell;  body 
whorl  large,  obliquely  inverted  pyriform,  flattish  on  the  region  below 
the  weakly  impressed  suture,  the  greatest  convexity  being  somewhat 
above  the  middle  of  the  whorl;  inner  lip  and  columellar  region  cov- 
ered with  a  layer  of  callus;  aperture  rather  long  and  narrow,  narrow- 
ing gradually  upward,  rounded  below,  subacute  above. 

Mea^surements. — Height,  40  mm.:  breadth,  about  30  nmi.  Other 
specimens,  not  allowing  precise  measurement,  indicate  about  one  and 
a  half  times  these  dimensions. 

Occurrence. — A  mile  and  a  half  east  of  Malone  .station,  associated 
with  Natica  infecta.  Nenta  nodiliiata^  etc.  At  this  locality  it  is  one 
of  the  commonest  of  the  Malone  Gastropoda.  Nearly  a  hundred 
specimens  are  in  hand,  most  of  them  poorly  preserved  owing  to 
weathering. 

This  shell  is  named  for  Mr.  John  W.  Williams,  who  in  1897  was 
prospecting  in  the  Quitman  Mountains  not  far  from  Malone,  and 
whose  exceedingly  kind  and  thoughtful  interest  in  my  work,  dis- 
played in  many  practical  ways,  contributed  not  a  little  in  that  year  to 
the  pleasure  as  well  as  the  success  of  my  explorations  in  the  Malone 
district. 

In  its  low  and  concave  spire  and  feebly  impressed  suture,  and  a  tend- 
ency to  greater  breadth  in  the  upper  part  of  the  body  whorl,  the 
shell  recalls  Acteeonella  and  constitutes  an  unusual  -phase  of  Jurassic 
Amauropsis. 
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Shell  uf  medium  or  nillii'r  -^iiiall  s'viv  in  itti  genii^,  smaller  thAff' 
Natitii  imllitt/nxi,  consisting  of  about  5  whorls,  im]>erfornte,  of  mthui 
stout  or  medium  eltivuted  habit;  thi>  spira  not  concave,  much  mon' 
piflvat*d  than  that  of  the  above-mentioned  sjmcies,  its  hei^iit  Ix-in;^ 
about  two-fifths  of  that  of  the  shell,  composed  of  convex.  wcU-niiinded 
whorls,  separated  by  Mdiires  which  are  deeply  and  rather  siidilcrdy 
impressed,  a  iiaiTow  upper  border  of  the  whorls  being  gently  and 
Hibhorizon tally  flattened;  ai>erture  narrow,  or  elevated,  considerably 
less  so,  however,  than  that  of  A',  williamni,  narrowly  rounded  below, 
obtus(dy  [xtiutcd  above;  columella  slightly  produced,  inner  Up  and 
.spindle  ealius-plated;  Mirface  smooth  or  crossed  only  with  ordinary 
growth  lines. 

AtemuTevumtii. — Heiglit,  35  mm.;  breadth,  27  mm.;  height  of 
spire,  14  mm.  A  second  example  has  dimensions  about  1h  per  <«nt 
greater. 

Occurrence. — A  mile  and  a  half  cast  of  Malone  station;  with 
Natica  ifiUiamiil,  from  which  the  species  is  readily  distinguished. 
The  writer  obtained  only  thi-ee  shells  of  N.  infterta,  one  of  which,  a 
young  example,  has  the  body  whorl  crossed  with  alternating  dark  and 
light  bands.  paniJkd  with 'the  jrn.wth  lines.  An  example  ^v;is  ob- 
tained by  Doctor  Stanton  at  the  same  locality,  and  one  by  him  in  foot- 
hills at  the  northwest  end  of  Malone  Mountain,  about  2  miles  cast- 
southeast  from  Finlay  station. 

The  species  seems  to  stand  close  to  the  English  O.xfordian  form,  iV. 
arguta  Phil,,  and  is  referred  to  the  subgenus  Amauropsis,  to  which 
all  of  the  Natica;  now  known  from  the  Malone  formation  seem  to 
belong. 

Natica  finlayensis  sp.  n. 

PI.  XX.  Hga.  ir.,  ](i. 

Shell  of  medium  size  in  its  genus,  subovate,  imperforate;  whorls 
alKiut  ."),  moderately  convex,  those  of  the  spire  broad  and  low;  body 
whorl  large,  elevated,  oblique;  spire  more  than  a  third  and  consider- 
ably less  than  half  of  the  height  of  the  shell,  higher  than  the  spire  of 
Natica  williamsi,  lower  than  that  of  .V.  hifc-tti;  suture  much  more 
strongly  impressed  than  that  of  the  former  and  much  less  so  than  that 
of  the  latter  species;  aperture  elevated,  arcuate-pyriform,  jxiinted 
above,  rounded  lielow;  inner  lip  not  free-margine<l.  and  apparently 
with  little  callus,  concave  below,  convex  above;   surface  plain. 

MciiKuremctits. — Height  (approximately),  42  mm.;  breadth, 
30  mm. 
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Occurrence, — The  type  and  onl}'  known  example  was  obtained  by 
Doctor  Stanton  in  foothills  at  the  northwest  end  of  Malone  Moun- 
tain, a  little  over  2  miles  east-southeast  from  P^inlay  station. 

NaTK'A   BILAFilATA   sp.   U. 
PI.  XX,  figs.  0.  10. 

Shell  rather  small,  consisting  (apparently)  of  about  3i  strongly 
convex  whorls;  without  umbilicus;  provided  with  a  narrow,  elon- 
gate, and  shallow  cleft  formed  b}'  the  eversion  of  the  inner  lip; 
spire  short,  its  height  nnich  less  than  that  of  the  aperture;  suture 
well  impressed;  aperture  obliquely  ovate,  about  two-thirds  as  high 
as  the  entire  shell;  outer  lip  simple;  inner  lip  everted,  thickened 
below,  its  border  quite  free  in  the  middle  region,  where  it  pursues  a 
nearly  straight  course  and  constitutes  the  outer  bound  of  the  small 
umbilical  cleft;  exterior  sjnooth  except  for  the  numerous  ordinary 
grow^th  lines. 

Measurevients, — Height,  about  21  mm. ;  breadth  18  mm. 

Occurrence, — One  specimen,  from  the  same  fragment  of  limestone 
that  bore  one  of  the  types  of  Vnicardium  scmirotundum ;  \\  miles 
east  of  Malone  station.     Collected  by  Doctor  Stanton. 

I^YRAMIOELLID.^r;. 
Genus  PSEUDOMELANIA  Pictet 

PSEUDOMELANIA  GOODELLII  Sp.  U. 
PI.  XXI.  fig.  10. 

Shell  large,  turreted,  consisting  of  numerous  smooth,  flattened, 
upwardly-imbricated  whorls,  of  which  the  lower  spire  w^horls  are 
nearly  twice  as  wide  as  high ;  shell  substance  thick,  sometimes  show- 
ing, parallel  with  the  height  (length)  of  the  shell,  numerous  rather 
narrow,  unequal,  or  sul)equal,  alternating  dark  and  light  bands,  of 
w^hich  there  are  perhaps  as  many  as  50  of  either  shade  on  each  whorl. 

Measurements, — Breadth  of  body  whorl  in  largest  specimen,  50 
mm. ;  breadth  of  first  spire  ^whorl,  43  mm. ;  height  of  same,  21  mm. 
The  shell  in  this  specimen  apparently  had  a  height  of  170  to  180 
mm.  In  a  second  example,  with  body  whorl  44  mm.  in  breadth,  the 
shell  height  is  about  165  mm. 

Occurrence, — This,  the  largest  of  the  Gastropoda  known  from  the 
Malone  formation,  is  only  moderately  common;  and  all  of  the  mate- 
rial of  it  obtained  is  more  or  less  fragmentary,  though  collectively 
affording  a  fair  knowledge  of  the  species.  The  above  description  of 
it,  based  on  all  of  the  material  now  known,  supersedes  an  earlier  otsa 
in  manuscript  made  by  me  at  ^  Uiue  ^Yiew  isx^  Vxio^V^?}^  ^^  "^"^ 
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Species  was  deriTed  solely  from  an  imperfect  specimen,  which  was 
from  the  locality  11  miles  east  of  Malone  station.  Besides  a  frag- 
ment from  the  locality  just  named,  Doctor  Stanton's  collections 
include  mttterial  of  this  shell  from  the  following  localities:  From  No. 
13  (the  Nautilus  horizon)  of  his  Malone  Mountain  section,  on  the 
west  side  of  the  mountain,  southwesterly  from  Malone  station;  and 
from  about  1  mile  east  of  Finlay  station,  one  of  the  specimens  from 
the  last-named  locality  being  in  rock  with  Trifjoniu  caldi-roni.  \ 
poorly  pr&served  portion  of  probably  this  fossil  was  also  found  by 
Doctor  Stanton  in  the  anticline  in  the  eastern  slope  of  Malone  Moun- 
tain nearly  1  mile  north  of  its  southern  end. 

The  species  is  named  after  the  lute  Mr.  Roberl  W.  tioodcll. 

kNERlNKlD/lO. 
Genus  NERINEA  Defi-ance. 
NeHINEA   GOOUELLll   sp.   n. 
PI.  XXI,  figs.  1-3. 
turriciilate  to  cylindrical-turriculate,  not  e-wecdingly  atten- 
uate ;  walls  thin,  the  outer  one  bearing  internally  one  prominent,  thin, 
and  acute  fold  which  extends  scarcely  half  way  across  the  chamber: 
rolumelhi  rather  slender,  in  part  hollow,  bcarinp  •!  thin   folds  both 
smaller  than,  the  outer  fold,;  whorls  apparently   17  or  more,   low, 
usually  as  much  as  one  and  a  half  times  and  sometimes, about  twice 
as  wide  as  high,  concave,  the  opposed  borders  of  successive  whorls 
tending  to  form  a  low  cariniform  ridge  with  linear  suture  on  the 
summit  line,  the  surface  of  each  whorl  ornamented   with  3  or  4 
linear,  raised,  revolving  lines  and  ordinary  oblique,  somewhat  sinu- 
ous growth  lines.     Of  the  three  internal  folds,  the  upper  colunicllar 
one,  which  descends  from  the  junction  of  the  upper  wall  of  the 
chamber  with  the  columella,  is  the  smallest  and  thinnest,  yet  is  quite 
salient. 

Measurementit. — Breadth  of  largest  whorls  reaching  14  mm. ;  angu- 
lar divergence  of  slopes  5°  or  6°  to  8°. 

Occurrence. — Common  in  the  limestope  layers,  and  less  so  in  the 
sandstone,  at  various  levels  in  the  Theta,  IJ  miles  east  of  Malone  sta- 
tion ;  exceedingly  abundant  in  some  of  the  lower  layers.  Weathered- 
out  specimens  usually  occur  in  segments  of  two  or  three  to  a  dozen  or 
more  whorls.  Besides  the  numerous  specimens  in  my  collection, 
which  include  some  natural  longitudinal  sections,  I  have  examined 
four  specimens,  one  of  which  is  an  artificial  section,  submitted  by 
Doctor  Stanton.  Several  poor  weathered  sections  were  obtained  near 
the  south  end  of  Malone  Mountain,  from  a  locality  which  yielded 
iiJao  u  specimen  of  Trigonia  inunita. 
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I  have  not  been  able  to  ascertain  the  maximum  height  of  this  shell, 
nor  with  certainty  the  number  of  whorls;  but  in  1  sj)ecimen  only 
4  mm.  in  breadth  and  about  17  mm.  in  height  there  arc  15  whorls  pre- 
served, while  probably  2  or  3  minute  ones  have  been  dissolved  away 
at  the  summit. 

The  revolving  lines  of  ornamentation  on  this  shell  are  very  delicate 
and  commonly  are  not  seen  at  all  on  weathered  specimens. 

In  its  internal  ridges,  as  well  as  in  the  form  of  its  whorls,  the  spe- 
cies resembles  the  Corallian  form,  N.  goodhallil  Sowerby."  It  is 
named  for  the  Messrs  R.  R.  and  R.  W.  Goodell,  in  recognition  of 
their  joint  exploration  of  the  Malone,  an  account  of  which  has  been 
given  elsewhere. 

For  comparison  with  Nerinea  goodelUi^  Doctor  Stanton  has  handed 
the  writer  some  fragments  and  f ragmental  prepared  sections  of  a  Ne- 
rinea *'  broken  from  the  hand  specimen  that  bears  the  larger  of  the 
types  of  Trif/onia  taffii  Cragin."  ^  These  resemble  N.  goodelUi  super- 
ficially, but  appear  to  lack  revolving  lines  and  to  present  sectional 
details  which  seem  to  refer  them  to  a  different  species,  although  the 
unsatisfactory  state  of  their  preservation  forbids  full  assurance  that 
their  internal  characters  are  all  correctlv  understood.  In  the  Nerinea 
from  Bluff  Mesa  the  fold  on  the  outer  w'all  is  relatively  thicker  and 
more  obtuse  and  is  altogether  larger  than  in  N.  goodelUi^  extending  a 
little  more  than  half  wav  across  the  chamber;  the  lower  columellar 
fold  is  also  coarser  than  that  of  N.  goodelUL  The  upper  columellar 
fold  is  not  very  clearly  indicated;  if  present  at  all  it  is  apparently 
obsolescent,  or  at  least  much  smaller  than  that  of  N.  goodellii, 

Nerinea  circumvoluta  sp.  n. 

PI.  XXI,  figs.  4,  5. 

Shell  cylindrical-turriculate;  walls  thin,  with  one  outer  and  two 
columellar  folds  situated  as  in  the  much  more  common  Nerinea 
goodell n^  all  of  the  folds  delicate,  the  outer  one  less  so  than  the  other 
two;  columella  solid,  rather  slender;  whorls  flat  or  only  very  slightly 
concave,  one  and  a  fourth  times  as  high  as  wide,  apparently  at  least 
as  numerous  as  in  N.  goodellii^  presenting  an  imbricated  appearance 
at  the  suture,  as  if  the  outer  wall  of  each  whorl  slightly  overlapped 

■  Described  and  fi}?ured  In  exterior  and  In  section  by  .Tames  de  Carle  Sowerby,  In  Dr. 
William  Henry  Fltton*s  "  Observations  on  some  of  tbe  strata  between  the  Cbalk  and  tbe 
Oxford  oolite  In  the  southeast  of  England  ;  "  Trnns.  (Jeol.  Soc.  London,  2d  ser,  vol.  4. 
1836.  Sowerby's  figures  (12  of  PI.  XXIII.  loc.  cit.)  represent  it  as  several  times  larger 
than  the  shell  here  described  as  goodellii.  Tbe  figurt^  1294  of  tbe  fourth  edition  of 
Dana's  Manual  are  partial  and  much  reduced  copies  of  Sowerby's  figures,  but,  unlllce  the 
latter,  represent  the  shell  as  thlclc-walled. 

^The  large  valve  from  Bluff  Mesa,  which  is  the  real  type  of  this  Trigonia.  ^ee  remarlcs 
on  Trigonia  taffii  on  page  10. 

Bull.  266—05  M 7 
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tht'  whorl  iicNt  iiliovf;  suture  subtended  by  a  iinrrow,  plain  Itanil. 
whifih  ih  itself  limiled  below  by  a  delicate  stria-fnrni  groove;  surfacf 
iirnann'nted  only  with  grnwtli  lines,  which  are  for  the  most  part  ver- 
tical, Incoming  strongly  recurved  as  they  near  the  upper  liorder  of 
the  wliorl. 

Mti"tHrKmentK.—\  fragment  0.5  mm.  wide  at  Ihe  lower  end  has  ."i 
whorls  in  a  height  of  39  mm. 

Occurren''e. — The  species  is  based  on  several  segments  collected 
and  n  longitudinal  section  prepared  by  Doctor  8tanton,  and  which 
aPB  &om  the  locality  I J  miles  east  of  Malone  station. 


F  arefron 

I 

I      In  18 


Genus  NERINELLA  Sharpe. 

NeIIINELLA  8TANT0NI  Sp.  n. 
1*1.  XXI.  t1«B.  IM). 


I  181)8  Doctor  Stanton  very  kindly  communicatefl  a.  specimen  of 
Xerineila,  partly  cut  in  longitudinal  section,  which  he  had  obtaine<l 
while  collecting  with  me  during  the  previous  year  from  the  .same  beds, 
IJ  niiles  east  of  Malone  station,  that  yielded  .Verinfia  goodi-llii. 

It  is  exceedingly  attenuated  and.  within  53  mm.,  includes  20  con- 
,  cnvc  whorls  from  a  number  that  must  obviously  have  Iteen  miii;)) 
greater  in  the  complete  shell.  The  chanilH'r  h«K  no  columellai'  fold, 
but  its  outer  wall  presents  a  simple,  short,  and  rather  o"btuse  fold  at 
about  mid  height.  The  whorls  are  crossed  by  numerous  delicate 
growth  lines  and  arc  ornamented  with  4  eciuidistant,  !>pirnl,  canni- 
form  lines  on  the  main  part,  besides  2  which  are  so  close  to  the  whorl 
borders  as  often  to  be  difficultly  distinguishable. 

I  find  in  my  own  collection,  made  IJ  miles  east  of  Malone,  a  few 
incomplete  and  more  or  less  weathered  siwcimens  of  this  fossil.  One 
of  these  supplements  Doctor  Stanton's  specimen  as  to  the  upper  part 
of  the  spire,  showing  16  additional  whorls,  with  apparently  a  very 
few  Ntill  to  lie  added  at  the  apes.  Another  represents  a  basal  portion 
considerably  broader  than  the  larger  end  of  Doctor  Stanton's  speci- 
men, so  that  the  number  of  whorls  In  this  shell  can  be  little,  if  at  all, 
short  of  .'iO.  The  greatest  breadth  shown  by  any  of  these  specimens 
is  Iwtween  Ti  and  0  mm.  The  height  of  the  shell  is  roughly  estimated 
at  about  100  mm. 

This  fossil  is  also  recognized  in  material  obtained  by  Doctor  Stan- 
ton at  the  following  places:  In  No.  13  of  his  Malone  Mountain  sec- 
tion, about  2  miles  southwest  of  Malone  station,  on  the  west  of  the 
mountain;  in  about  the  same  horizon  something  over  1  mile  east  of 
Finliiy  station,  and  in  the  anticline  at  the  east  base  of  the  mountain, 
about  a  mile  from  its  southern  end. 
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CERITHIIDiE. 
Genus  CERITHIUM  Adanson. 

Cerithium  arcuiferum  sp.  n. 

PI.  XX,  fig.  13. 

Shell  small,  turriculate,  many  whorled ;  spindle  solid ;  mouth 
subquadrate;  surface  of  the  gently  convex  whorls  ornamented  with 
numerous  fine  revolving  lines  and  with  coarse  transverse  folds,  or 
ribs,  the  latter  strongly  arched  backward,  the  summit  and  more 
prominent  portion  of  the  arch  being  on  the  lower  and  more  prond- 
nent  portion  of  the  whorls.  Of  the  revolving  lines  there  are  about 
17  on  the  first  spire  whorl,  and  of  the  arcuate  folds  there  are  about 
the  same  number  on  the  body  whorl. 

Mecuiurementa. — Breadth,  7  mm.;  angular  divergence  of  slopes 
on  the  lower  part  of  the  shell,  21°  or  22°. 

Occui^rence. — A  mile  and  a  half  east  of  Malone  station;  with 
Nerita  nodilirata^  Phurotomaria  circximtrunca^  etc.  Only  a  single 
specimen  lacking  the  lower  end  of  the  spindle  and  the  upper  part  of 
the  spire  has  been  found. 

Ownng  to  the  incompleteness  of  the  lower  extremity  of  the  shell  in 
the  type  the  basal  canal  is  not  shown,  but  its  presence  in  the  complete 
shell  and  a  reference  to  the  genus  Cerithhim  are  indicated  by  the  char- 
acter of  the  spindle  and  the  general  habit  of  the  shell,  the  latter  being 
apparently  that  of  the  subgenus  Cerithinella. 

ACTJEONID^E. 
Germs  ACT^ONINA  d'Orbigny. 

AcTjEONINA  ?   MALONIANA  Sp.  U. 
PI.  XX.  fig.  14. 

AVhorls  4  or  5;  body  whorl  large,  al>out  three- fourths  as  wide  a5 
high  in  the  cast,  its  sides  gently  convex;  spire  small,  evidently  not 
much  exceeding  one-fifth  of  the  body  whorl  in  height;  aperture 
high  and  narrow,  somewhat  broadened  below,  and  the  inner  lip  appar- 
ently without  fold ;  general  surface  as  indicated  by  a  preserved  basal 
fragment,  marked  with  delicate  revolving  grooves  or  striae,  the  stri» 
separated  by  intervals  wider  than  themselves. 

Measurements. — Height  (approximately),  14.5  mm.;  breadth, 
10  mm. 

Occm^ence. — Known  only  by  a  cast  bearing  two  fragments  of  the 
shell ;  obtained  by  Doctor  Stanton  1^  miles  east  of  Malovv^  ^\».\a<3^. 
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Wlieii  viewed  from  iibnve,  the  nist  presents  a  somewhat  si|uared 
form,  due  apparently  to  the  nccident  of  rock  pressure. 

CEPHALOPODA. 

NAUTILOIDEA. 

Genus  NAUTILUS  Breyn. 

NAUTiLrs  BI7BKARTI  C.  and  A.  ? 

I'l.  XXII.  flK.  I. 

\aatllui  bui-karti  t'listtllo  and  .\gull«Tii,  181)5.  Bi>].  Com.  Geol.  Mex..  No.l. 
p.  12,  ri.  XXI.  Bg.  3. 

I  provisionnlly  refer  to  this  species  nn  inijwrfect  s])ecinieii  of  Xiiii- 
tiliis  of  inflated  form  ohtaiiipd  Iiy  Doctor  Stanton  in  No.  I.'!  of  his 
Maloiie  Mountain  section,  on  the  west  side  of  the  mountain  soulhwc-it 
of  Malone  station.  The  dimensions  are  much  largpr  than  thw^e  indi- 
cated by  Castillo  and  Apiiilera's  fif^irc  and  description  of  .V.  burkarti, 
which  ary  perhaps  those  of  a  young  example. 

The  Malone  Monntain  specimen  gives  the  following  measurements: 
Height  of  shell.  123  mm. :  height  of  last  whorl,  fi"  mm. :  breadth  of  the 
latter,  as  restored,  86  mm.  The  height  of  the  last  whorl  is  therefore 
about  .'i4.5  per  «!ent  and  its  brea<lth  about  70  per  cent  of  the  height  of 
the  shell,  as  against  55  and  04,  given  as  corresponding  percentages  for 
the  type-specimen. 

The  following  is  a  translation  of  the  original  description  of  the 
species : 

Shell  eJttremely  inflnted;  Bplre  comjKiBed  of  few  whorlH  which  cover  more 
Ihiiii  tliree-fourtlin  of  the  whorls  pret'edlni; :  HHiikx  quite  convex  nnil  nttiilnlDg 
their  ereHteKl  thickness  iieiir  tlie  mnhilicuH.  wlience  tliey  dcHi.'end  gradunlly 
towurd  the  Klphonul  n>Klon.  wlilch  is  quitt;  roundnl;  uiiihiliciis  iiiirrow.  deep.' 
nnd  funiie1-shni)ed ;  nj^rture  very  much  Invadeil  by  the  spire  whorl,  wider  tbaii 
lilgli,  rouiiiled  on  tlie  upper  pnrt ;  Kurface  neurly  smooth,  destitute  of  tulwrcleB, 
lieiirliiR  only  marked  growth  lines,  which  muke  It  vliglitly  rough  on  soiiie  pRrts. 

IMnmeter _ „ 40.00uidi. 

Hreadth  of  the  last  whorl  In  relation  to  the  diameter .M 

Thickness  of  the  Inst  whorl  in  relation  to  the  dliimeter .64 

Diameter  of  the  umhilicuH  to  the  diameter .23 

NaUTIUS  NAIFRAtil'S  sp.  n. 

PI.  XXIII.  fiir.  :t.  Pi.  XXIV.  fig.  3. 

Shell  involute,  somewhat  compressed;  volutions  deeply  embracing, 
incrotifiing  rapidly  in  size,  narrowed  on  the  feebly  convex  flanks  from 
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a  region  of  maximum,  yet  moderate  inflation,  near  the  umbilicus  to 
the  rather  narrowly  rounded  periphery;  septa  about  24  to  each  turn, 
the  sutures  feebly  waved  or  sigmoid ;  umbilicus  narrow,  filled  with  a 
shelly  columolla ;  surface  of  shell  smooth.  The  position  of  the 
siphuncle  has  not  been  determined. 

Measnrementti, — The  greatest  diameter  of  the  larger  specimen  is 
about  122  mm.  The  height  of  the  largest  preserved  part  of  the  body- 
chamber  in  its  median  plane  is  about  50  mm.  The  height  of  the 
same  part  of  the  body-chaml)er  over  all,  or  measured  on  a  tangent  to 
the  flank  from  the  level  of  its  umbilical  lx)rder  to  the  level  of  the 
periphery,  is  about  71  mm.  (G6  on  one  flank,  76  on  the  other  flank, 
in  the  specimen  as  preserved,  the  umbilical  axis  having  an  oblique 
position,  due  to  crushing) .  The  original  breadth  of  the  same  part  of 
the  body  chaml)er,  allowing  for  crushing,  was  apparently  not  less 
than  60  mm. 

Occurrence. — Two  imperfect  specimens  of  this  shell  were -collected 
by  Doctor  Stanton  in  foothills  near  the  railroad,  at  the  northwest 
end  of  Malone  Mountain,  about  2  milas  ejist-southeast  from  Finlay 
station,  the  horizon  not  more  than  200  feet  above  the  gypsum  bed. 

AMMONOIDEA. 

Genus  OPPELIA  Waagen. 
Oppelia  ?  FALLAX  (C.  and  A.). 

PI.  XXII.  figs.  2,  3. 

Placenticeraft  fallax  CastiUo  and  A^Uera,  1885,  Bol.  Com.  Geol.  Mex.,  No.  1, 
p.  17,  PI.  VIII.  figs.  1,  2. 

This  large,  plain,  compressed,  and  obtusely  lenticular  ammonite  is 
rather  common  in  the  limestone  portions  of  Theta  subdivision  of  the 
Trio  section,  1^  miles  east  of  Malone  station,  but  has  been  obtained 
thence  in  fragmentary  specimens  only. 

The  following  is  a  translation  of  the  original  specific  description: 

Shell  compressed,  narrowly  umbilicate.  Spire  i'omposed  of  not  verj'  numerous 
embracing  whorls,  which  almost  completely  hide  the  previous  whorls.  Flanks 
feebly  convex,  descentlinK  gradually  toward  the  umbilical  border  and  with  the 
same  regularity  toward  the  sii)honal  region,  which  is  rounded  and  a  little  more 
narrow  tlian  the  tianks ;  the  greatest  thickness  of  the  shell  is  on  the  umbilical 
border.  Umbilicus  ver>'  narrow  and  deep,  with  vertical  walls,  with  uncarl- 
nate<i  border.  Aperture  very  high,  considerably  Invadeil  by  the  spire  whorl, 
rounded  In  the  upi>er  part,  of  nearly  elliptical  form.  Surfa<'e  of  the  shell 
smooth  on  the  last  whorls,  bearing  In  the  earlier  whorls  fine  lines  of  growth. 
Diameter,  104  mm.;  breadth  of  the  last  whorl  In  relation  to  the  diameter,  0..^i4; 
thickness  of  the  last  whorl  in  relation  to  the  diameter,  O.S2.\  ^\\iA!^^\ftx  vA  >^^fc 
umbilicus  \D*re)ntion  to  the  diameter.  O.lli. 
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To  the  nbovp  description  Cuslillo  and  Aguilera  udd  the  following 
remarks ; 

We  iilat*  this  spMiPS  in  Ilie  genan  Piacenlifrn»,  iiotwitlwtaiuUug  thiit  h>* 
JU  foriii  It  »iul(1  be  (uti-ildered  dm  fl  Phjflliivrreii,  tiy  tlie  cbariiot^rs  o(  tUo 
HUtlii-iil  Hue  whldi.  thunKli  Imiierrei'tly  vislbk-  iii  iiJii-  uf  tlw  Hixx-imens  of  otir 
(iitlfH'tiuii,  (loefi  not  preHeiit  Ibo  aiiilill»i  tfrmliiiitdl  liy  tlie  roiiiu]t*lH  fliararlel^ntlr 
or  the  t'liuUoecraii.  ouly  mmifliMIians  uad  kuImIIvIbUmim  uliuilar  to  those  uf  the 

As  it  makt.^  »aiiR>  departiitus  from  the  charapl^irs  l>eionging  to  iimsl 
iit^  itK  roiigentrs,  this  nmiiioiiite  may  s«i'iii  at  first  sight  almost  us 
niiicli  of  an  anomaly  in  the  genus  Oppelia  as  it  was  supposed  to  be  in 
Flai:eHtif^niK.  But  the  suture,  whicli  lins  the  ioliea  and  saddles  very 
few  instead  of  many."  and  Iius  the  first  lateral  lolw  contrastingly 
the  iargiwt,  sulHcicndy  disiiiif^iiishes  it  from  thii  laMitr  geinm  ami 
relates  it  to  O/i/nf/n  inid  //ii/il.icrnin.  wilh  which  also  agree  its  invo- 
lute, naiTowIy  iiuitijliijilcd  slidl.  lis  iiiunitcd  venter,  its  rather  com- 
pressed lenticular  form,  and  Ihe  altsence  of  periodical  con «t tactions. 
It  seems  indeed  to  have  its  closest  affinities  and  to  belong  among  the 
rouiid-veiitered,  pliylogerontic  forms  of  Opjifllu  which  oc<:ur  in  the 
latest  Junisaic  roirks,  in  which  this  genus  makes  its  flnal  api^earaiice : 
the  venter,  in  0.  fallax,  being  nninded  both  on  the  outer  and  on  the 
inner  whorls. 

The  Malone  Oppeliit  liears  consideralile  resemblance  to  the  Titho- 
nian  species,  O.  waageii'i  Zittel,  having  about  the  same  outward  form 
and  being  of  large  size;  but  it  apparently  lacks  n  ve-stige  of  even  such 
feebly  expressed,  coarse  lateral  ribs,  or  undulations,  as  are  seen  on 
that  shell,  and  is  more  critically  distinguished  from  it  by  the  charac- 
ters of  the  suture.  The  first  lateral  saddle  is  much  narrower  in  the 
Malone  ammonite  than  in  Oppelia  waageni.  and  the  first  lateral 
lol)e — which  is  quit«  unsym metrically  branched  in  the  latter  shell — 
presents  an  almost  symmetrical  branching  in  O.  fallax.  In  this  last- 
mentioned  character,  O.  fallaj-  departs  from  the  condition  most  com- 
mon in  Oppelia  and  approaches  the  usual  condition  in  Desmoceras, 
from  which  genus  it  is  sejjaratod  by  tlie  absence  of  constrictions. 
The  siphoual  lol«?  is  about  half  as  long  as  the  first  lateral  lobe  and 
ends  in  two  small  branches  on  either  sidei 

Though  ('ommoidy  represented  from  the  Malone  district  by  whorl 
fragments  of  dimensions  not  or  little  exceeding  those  given  by  Cas- 
tillo and  Aguilera  for  the  examples  from  the  Sierra  de  Catorce,  the 
shell  attains  a  much  larger  size.  One  specimen,  of  which  consider- 
able portions  were  collected  IJ  miles  east  of  Malone  station,  has  in 
the  largest  preserved  cn>ss  section  of  the  body  chamber,  a  height  of 
about  145  and  a  breadth  of  at  least  !):(  mm.,  while  Ihe  diameter  of 

•  My  altfDtlov  was  llriit  oalled  In  lln- few-lolifd  Biiliire,  as  InmnsLsteDt  wUh  Plaemticertu, 
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(he  coil  (a  large  part  of  whose  periphery  is  preserved)  must  have 
considerably  exceeded  a  foot.  The  specific  identification  is  tentative, 
as  it  is  based  on  the  comparison  of  imperfect  specimens  with  Castillo 
and  Aguilera's  description  and  figures.  The  specimen  figured  is  a 
young  individual  and  the  only  one  in  the  collection  that  shows  more 
than  a  fragment  of  a  complete  volution. 

Genus  OLCOSTEPHANUS  Neumayr. 

OlCOSTEPHANUS    MALONIANU8  Sp.  U. 
PI.  XXIV,  figs.  1,  2. 

Shell  large  and  moderately  involute,  consisting  of  massive  whorls 
which  are  at  least  as  liigh  as  or  a  little  higher  than  w^ide,  with  flat- 
tish-convex  flanks  and  broadly  rounded  periphery,  about  one-fourth 
of  the  height  of  each  inner  whorl  embraced  within  the  whorl  next 
outer;  umbilical  costa;  not  at  all  resembling  compressed  tubercles, 
but  heavy,  long,  and  truly  rib-like,  traveling  the  lower  and  middle 
parts  of  the  flank  from  the  lower  border  to  between  half  and  two- 
thirds  the  height  of  the  whorl,  giving  place  at  their  upper  ends  to 
numerous  compressed,  narrowly  round-topped  costellae  which  are 
fascicled  mostly  in  threes  at  their  origin,  but  are  uniformly  dis- 
tributed upon  the  periphery  of  the  whorls,  over  which  they  pass 
without  interruption,  swinging  very  little  forward;  suture  strongly 
dissected,  the  two  lateral  lobes  and  saddles  large  and  complexly 
branching,  the  external  one  especially  so.  The  body  chamber  is 
unknown. 

Measurements, — The  largest  known  whorl  section  (which  is  in  the 
septate  portion  of  the  shell)  has  the  height  and  breadth  about  110  and 
105  mm. ;  an  inner  one  about  58  and  57  mm.,  respectively. 

Occurrence, — Only  a  few  parts  of  whorls,  most  if  not  all  of  which 
Iwlong  to  one  specimen,  were  collected  at  the  locality  IJ  miles  east  of 
Malone  station. 

The  species  is  intermediate  in  general  proportions  between  the  two 
species  of  Olcostephanus  known  from  the  Alamitos  beds — which 
seem  to  correspond  in  some  measure  with  the  Malone  formation — in 
Mexico:  O,  ''  af.  portlandlcus  de  Ix)riol  "  and  O.  potosina  of  Castillo 
and  Aguilera. 

Genus  PERISPHINCTP:S  Waagen. 
Perisphinctes  clarki  sp.  n. 

PI.  XXIX.  flgs.  1,  2. 

Shell  large,  discoidal,  many  whorled,  broadly  umbilicated ;  involu- 
tion more  than  one-half;  w^horls  ovate,  the  outer  ones  elevated  c^y  yv-^cc- 
row-ovate  in  cross  section,  narrowed  tov?«LYd  ^<^  N^TiX«t^  ^\vv^  v^ 
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ratlier  narrowly  rouiidrd;  the  flanks  flattish-convex;  umbilical  lw>rticr 
rounded;  the  wall  of  t\w  outer  whorl  sloping  rather  gently  to  tli« 
next  whorl  within  it,  that  of  the  inner  whorls  deHctnding  somewhat 
more  3t«eply  Udow ;  inner  whorls  ornamented  with  strongly  elevated, 
moUemlely  cjose,  but  not  crowded,  dichotomous  ribs  whose  brandies 
si^piti'ate  ut  iibout  th«  middle  of  the  Hank  and  continuously  cross  the 
venter,  the  lateriil  ribs  not  noticealdy  enlarged  on  the  umbilical  bor- 
der, this  ornamentation  Ijeconiing  gradually  changed  to  large  low 
undnlntionson  the  outer  whorls  and  almost  vanishing  iH-foi-e  t\w  (pre- 
suinably  plain  or  nearly  plain)  body  chamber  it>  n-aehed;  wptjil  line 
with  two  strong  lateral  lobes,  which  are  rather  sti-ongly  dissected,  «n<l 
a  deep  suspensive  Iol>e:  the  first  lateral  IoIh"  targe,  twice  or  nuitv  than 
twice  as  long  as  the  second,  longer  than  the  siphonal  lolje,  and  having 
three  strong  terminal  branches  of  which  the  outer  is  subtended  by  a 
smaller  brunch;  the  second  lateral  lolw  pinnate,  not  distinctly 
branched  at  summit;  a  noticeable  lobe,  simdar  to  the  second  lateral 
lobe,  but  slenderer  and  about  two-thirds  as  long,  stands  between  the 
first  lateral  and  the  siphonal  lobe ;  suspensive  lobe  consisting  of  one  tall 
pinnate  lobei,  with  strongly  trifid  summit,  which  is  outwardly  pre- 
ceiled  by  a  Irio  consisting  of  a  small  lobe  flanked  on  either  side  by  a 
lobule  and  is  inwardly  followed  by  two  obtuse  lobes  the  inner  of  which 
Js  veiy  low  and  often  3-denticled.  This  description  of  the  septal  line 
relates  to  the  later  seplii.  )hi'  preceding  ouas  Iw'ing  soniewhiit  simpler, 

Measurementn. — Height  of  largest  cross  section  of  whorl  preserved 
in  the  type,  85  mm.;  breadth  of  same,  54  mm.;  span  of  umbilicus 
opposite  same  section,  90  mm. 

Omirrenee. — The  type  repre.scnts  a  considerable  and  wholly  septate 
l>art  of  the  fonn  and  was  obtained  by  Doctor  Stanton  from  No.  13  of 
his  Malone  Moimtain  section  on  the  west  side  of  the  mountain,  about 
2  miles  soul li westerly  fi-om  Malone  station.  He  obtained  a  fragment 
also  on  the  east  slope  of  the  mountain  near  its  southern  end,  about  200 
or  300  feet  almve  the  heavy  bed  of  gypsum  which  there  forms  the  base 
of  the  mountain ;  and  a  poorly  preserved  specimen  and  friignient  from 
foolhills  near  the  railroad,  at  the  northwest  end  of  Malone  Mountain, 
a  little  over  2  miles  east -southeast  of  Finlay  station,  not  more  than 
'JOO  feet  above  the  gj'psnm  bed  of  that  lo<yility. 

It  is  not  unlikely  that  this  is  the  sjime  species  as  that  figuivd  and 
briefly  descrilx'd  from  the  Tithoniau  of  Mexico  as  *-Perif!/>/iiiu-tc>i 
up.  {?)"  by  Castillo  and  Aguilera."  and  compared  by  them  in  its  rib- 
bin}^  with  /*.  lictor,  P.  luiriiivvhiK,  and  F.  p'ib/f/i/r,ifv!'.  The  septal 
line  l)eHrs  considerable  resemblance  to  that  of  the  latt*'r  species,  which, 
fn»n  the  \\'hite  Jura  Beta,  Qnenstedt*  figures  under  the  name  of 
'^A/iDiiMiiti-i  /rlpJii-ti/u.i  iilliiix." 
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The  species  is  named  for  Dr.  Wm.  Bullock  Clark,  professor  of 
geology  in  Johns  Hopkins  University  and  director  of  the  Maryland 
geological  survey. 

PERISPHINCrES   AGIJILERAl    Sp.    n. 

ri.  XXVIII,  flg8.  1,  2. 

Shell  large,  discoidal ;  umbilicus  large,  spanning  more  than  a  third 
of  the  diameter  of  the  shell,  rather  shallow,  its  wall  descending  almost 
vertically  from  a  rounded  border;  whorls  little  involute,  each  con- 
cealing only  l)etween  a  fourth  aild  a  fifth  of  its  predecessor,  about 
three-fourths  as  broad  as  high,  broadest  in  the  lower  third,  their 
flanks  flattened-convex,  the  venter  rounded,  apparently  a  little  tec- 
tiform  on  the  outer  whorl;  ornamented  with  very  numerous  com- 
pressed ribs,  which  arise  independently  at  the  umbilicus,  have  a 
somewhat  backward  inclination  in  ascending  the  umbilical  wall,  and 
cross  the  flanks  with  a  gentle  forward  inclination  and  slight  sigmoid 
flexure,  bifurcating  at  about  the  mid  flank  into  parallel  branches  that 
sweep  strongly  forward  on  the  ventral  region  so  that  those  of  oppo- 
site sides  meet  on  the  periphery  at  nearly  a  right  angle;  the  ribs,  and 
especially  the  ventral  ones,  close,  yet  narrower  than  the  round- 
bottomed  intervals  between  them,  the  ventral  ribs  of  the  inner  whorls 
being  very  fine,  those  of  the  outer  whorls  large,  tliough  still  com- 
pressed and  strongly  elevated;  septal  line  strongly  dissected,  appar- 
ently not  differing  from  that  of  Perisphinctes,  though  hitherto 
observed  only  in  part,  the  saddles  at  least  not  ending  in  roundels 
such  as  characterize  the  Phylloceratidje. 

MeasurementH, — Outer  whorl  attaining  at  least  a  height  of  107  mm. 
and  a  breadth  of  84  mm.  The  cross  section  of  a  smaller  whorl  has 
the  same  dimensions,  57  and  50  nmi. 

Occurrence, — Seven  fragments  of  this  species  were  obtained  by 
Doctor  Stanton  from  the  foothills  west  of  Malone  Mountain,  about 
2  miles  north  of  the  southern  end  of  the  latter.  The  horizon  is 
regarded  by  him  as  probably  the  same  as  one  that  yielded  him  speci- 
mens of  the  Exogyra^  herein  identified  as  E.  pofomia  (narrow  phase). 

The  species  is  named  for  Seiior  Jose  G.  Aguilera,  director  of  the 
geological  institute  of  Mexico. 

Perisphinctes  potosinus  C.  and  A* 

PI.  XXIII,  fl«.  1. 

Peri sphinf  tea  potosinus  CaRtlllo  and  Agullern,  1895,  Bol.  Com.  Geol.  Mox., 
No.  1,  p.  31.  PI.  XVII,  flg.  1  and  PI.  XXIV,  fig.  2. 

Among  the  specimens  from  the  locality  U  miles  east  of  Malone 
station  is  a  fragment  of  a  Perisphinctes  Vy^Yoivgiix^  \»  >3w^  'SfcTv^s.  ^^ 
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P.  i-oiittguit/i  Ciitiilio.  ami  that  sei'iits  lo  ajri-et;  Huflicipiitly  with  the 
description  and  ilhistratioiis  of  /'.  iwtiin'nii  C.  und  A.    The  hiteral  ribs, 
I    in  form,  size,  interspacing,  and  manniT  of  trifiircation,  arp  those  of 
f.  contigiim,  from  whicli  the  Malom*  sheil  ditfers  in  the  more  ante- 
riorly inrlined  lateral  riljs  and  in  liaving  the  ventral  ribs  distinctly 
.    cnrvod  forward  as  they  approatrh  the  pwriphery,  on  which  they  are 
■    slightly  extinguishet),     Tho  hist-nuitied   feature,  however,  is  not  m 
I    spet'ific  different-e;  for  while  the  ventral  ril>s  in  P.  cordiffuas  are 
J    utsnaUy  uninterrupted,  a  slight  peripheral   attenuation  of  tliem  is 
►    noted  by  Toucas  •  as  occurring  in  some  varieties  of  this  species  in  the 
Carpathians, 
The  fragment  agrees  in  size  with  an  intermediate  part  of  the  outer 
I    whorl  of  P.  rontiffinm  or  P.  potosinua,  and  the  cross  section  of  whori 
I    which  it  indicates  is  about  three-fourths  as  broad  as  high,  meaHuring 
'     24  mm.  in  height  and  18  or  11)  mm.  in  bi-eadth. 

Biemirndzki "  refers  to  P.  potosinus  as  apparently  iiientical  with 
,  P.  kohetii  Heliivndsen.''  but  there  seem  to  me  to  bo  considerable  dif- 
I  ferences  between  the  two  species.  Tliese  differences,  if  we  accept  tJie 
'  desiTJption  and  the  Kgiire  of  the  adult  (PI.  XVII,  fig.  1)  and  exclude 
the  smaller  and  doubtfully  jM^rtincnt  figure  ( I'l.  XXIV,  fig.  2)  given 
by  Castillo  and  Aguilera  of  their  Perisphinctes  potosinua,  are  as 
'    follows  r  ■~^^'^^^H 

p.  kokeni.  P.  pologinua. 

Involution  ).  Involution  i  to  }. 

Wborls  bronder  (thicker)  than  high.       WhoriM  higher  than  brand. 

Whorl    ci'oxH    Hectlon    qundrl  Intern  I  ty     Whorl  cross  section  Hnt-Hlded  ovate. 

roundiHl.  Venter  rounded. 

Venter  llutly  rounded.  LnternI  riba  bifurcate,  the  larger  nuni- 

Lateral  ribs  blturcate.  ber  becoming  trlfurcute  on  the  last 

Simple    iMirt    of    hitcral  ribs    rather         whorl. 

slender.  Simple  purt  of  liiternl  ribs  rntlier  stout. 

PERisPHiNcrrES  FBL1XI  C.  and  A. 


Perisphincleii  felixt  Castillo  and  Agullern.  1805,  Bol.  Com,  Geol,  Mex.,  No. 
1.  p.  2;-.,  ri.  XVI.  fij;.  1. 

A  species  of  Perisphinctes  apparently  not  distinct  from  P.  felixt 
C.  and  A.,  but  intermediate  in  .some  of  its  characters  between  the  latter 
and  the  closely  allied,  if  indeed  really  distinct  P.  Itiun  0.  and  A,, 
is  represented  from  the  locality  IJ  miles  east  of  Malone  station  by  a 
specimen  showing  part  of  three  successive  whorls. 

The  whorls  are  rounded  in  cross  section,  having  their  height  and 

-  Bull.  Hie.  (ieol.  I.Tan<-i>,  M  ser..  Vtti.  XViri.  |i,  .-iS"'. 
'MoBvui:  JlejHhr.  T'eilMjililni'i™.  [i.  170. 
'ZeltBcbr.  d.  Ii«uts(-li.  Ueol.  (leaellBch.,  Bd.  *3,  p.  *06,  v\-  'W.  *K*.  ^  ai«i-i.     \«9l. 
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breadth  about  equal  (25  mm.),  yet  having  their  greatest  breadth  in 
the  lower  part.  The  involution  is  between  i  and  h  The  ribs  are 
heavy  and  inclined  forward;  mostly  bifurcate  rit  about  the  middle 
of  the  flank,  but  in  one  instance  a  rib  is  seemingly  I;>idichotomous, 
the  first  bifurcation  taking  place  on  the  umbilical  border.  The  ven- 
tral ribs  pass  over  the  periphery  without  interruption,  but  ai-e  curved 
forward  as  they  approach  the  median  line  so  as  to  make  a  very  obtuse 
angle,  at  which  many  of  them  suffer  a  very  slight  weakening.  The 
specimen  does  not  show  the  largest  part  of  the  last  whorl,  a  fact 
to  which  the  almost  uniformly  bifurcate  character  of  the  ribbing  is 
probably  due. 

Doctor  Stanton  also  has  collected  at  this  locality  a  small  specimen 
that  apparently  represents  the  inner  whorls  of  the  same  species. 
This  has  many  of  the  ribs  once  bifurcate,  the  others  simple. 

The  following  is  a  translation  of  the  original  description  of  the 
species  : 

SheU  discoldal,  spire  composed  of  .embracing  whorls  of  nearly  ronnd  cross 
section,  visible  In  the  umbilicus  in  a  third  of  its  width,  having  its  major  thick- 
ness near  the  umbilical  border;  flanks  convex,  descending  gradually  toward  the 
umbilicus;  siphonal  region  perfectly  rounded.  Umbilicus  small,  rather  deep,  its 
border  not  angulated.  Surface  covered  with  46  to  48  strong,  equal  costellae 
which  bifurcate,  some  at  the  middle  of  the  flanks  and  others  a  little  earlier; 
of  the  former  some  trlfurcate  and  the  latter  undergo  a  second  bifurcation, 
which  takes  pla(*e  at  the  same  distance  from  the  umbilicus  as  that  of  the  other 
costellff*;  three  or  four  ribs  remain  simple;  all  cross  the  siphonal  region  form- 
ing a  slight  forward  inflection.  Aperture  a  little  higher  than  wide,  a  little 
Invaded  by  the  whorl  of  the  spire  and  rounded  above.  Three  narrow  constric- 
tions [surcos]  are  seen,  shallow  and  parallel  to  the  costellsB.  Diameter  60  mm.. 
75  mm.;  breadth  [ height]  of  the  last  whorl  with. relation  to  the  diameter  0.38. 
0.38 ;  thickness  of  the  last  whorl  with  relation  to  the  diameter  0.38,  0.38 ;  diame- 
ter of  the  umbilicus  with  relation  to  the  diameter  0.35.  0.33. 

PeRISPHI  NOTES   8CHUCHERTI  Sp.  U. 
PI.  XXV.  fig.  1;  PI.  XXVI,  tigs.  1-3;  PI.  XXVII,  flg.  1. 

Shell  discoidal,  moderately  involute,  each  whorl  embracing  about 
a  third  of  its  predecessor:  the  umbilicus  strongly  excavated,  its  span 
equaling  about  a  third  of  the  corresponding  diameter  of  the  shell: 
whorls  laterally  compres.sed,  even  the  earlier  ones  being  much  higher 
than  wide,  the  flanks  flat tened-con vex,  narrowed  toward  the  siphonal 
side,  which  is  roimded,  umbilical  border  rounded  above,  descending 
almost  sheerly  below  to  the  surface  of  the  inner  whorls;  septal  line 
with  two  lateral  lobes,  of  which  the  first  is  large,  ample-trunked  and 
longer  than  the  siphonal  lobe,  and  ends  in  three  branches,  the  second 
lateral  lobe  l>eing  well  developed  and  considerably  more  than  half  as 
long  as  the  first,  suspensive  lobe  {nahtlobus)  of  intermediate  st/ei^^- 
ness,  presenting  one  conspicuously  larg^  auxi\A»x^  VJo^v  't^ios.  ^jacii^:^ 
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inclined  forward  on  the  dunks,  «omp\vhnt  fnlarged  on  thp  iimbilii^al 
Wrder,  those  of  the  earlier  whorls  very  close  and  bifurcating  or 
'fllRictime»  trifnrcating  at  alwnt  the  middle  of  the  flank  into  b»i>ly 
•rerginjj  smaller  ones,  an  occasional  rib  remaining  simple  an<Hhen 
^ihig  usually  accompanied  by  a  short,  independent  rib,  correapwnd- 
tHf^  with  one  of  those  prodneed  by  bifurcation,  this  ornamentAtion 
becoming  gradually  ohstilete  on  the  gi-eater  part  of  the  height  of  the 
flanks  and  also  on  a  narrow  median  zone  in  the  more  inntiiiv  portion 
of  the  shell,  which  portion  is  also  nsiially  encircled  with  large  shal- 
low constrictions  at  remote  intervals;  the  ventral  rilis  alxtiit  wpial  to 
the  intervals  between  them. 

Measuretnentf. — The  maturer  aspects  of  the  Bhell  are  represented 
only  by  fragments;  the  cross  scrliou  of  one  of  whieh  has  a  height  of 
47  ram.  and  a  breadth  of  27  mm. 

Occurreiue, — The  type  material  consists  of  several  imperfect  speci- 
mens and  various  fragments,  all  collected  by  Doctor  Stanton  in 
foothills  near  the  niilroad,  at  the  northwest  end  of  Malone  Mountain, 
about  2  miles  ejist- south  east  of  Finhty  station.  Material  obtained  on 
the  we.st  side  of  Malone  Mountain,  from  No.  13  of  Malone  Mountain 
section,  includes  a  very  doubtful  fragment  of  this  sjiecies  from  al»ont 
2  miles  west  of  Malone  station,  and  a  specimen,  also  donbtful,  and  a 
fragment  from  a  point  alKtut  three-fonrths  of  a  mile  farther  south. 
That  collected  IJ  miles  east  of  Malone  station  includes  a  fragment 
which  not  improbably  Iwlongs  to  this  species. 

The  septal  line  of  /^  sehiicherii  is  of  the  same  general  pattern  as 
that  of  P.  iitconditvf  F'ont.,  as  figured  by  de  Tjoriol,"  but  differs  from 
it  by  its  broader  first  lateral  lobe  and  in  other  details.  The  shell  of 
P.  sckutiherti  also  differs  from  that  of  P.  inconditim  in  that  the  latter 
has  trifnrcate  and  even  sometimes  qnadrifurcate  ribs,  the  ribbing  on 
the  flanks  of  the  inner  whorls  Iwing  very  much  closer  in  P.  schucherti 
than  in  either  inconi/itun  or  halih-ms. 

The  second  specimen  above  mentioned  is  larger  and  less  compressed 
than  the  others  and  has  the  ribs  less  inclined  forward  on  the  venter, 
and  on  part  of  the  shell  almost  radially  directed.  I  am  uncertain 
whether  it  lielongs  to  P.  nehuvherti  or  is  the  young  of  a  larger  species. 
The  ribs  ai-e,  however,  ol>solete  on  the  flanks,  and  the  spe(?imen  is 
theniforc  referred  here  provisionally.  It  gives  the  following  measnre- 
ments:  Greatest  diameter,  125  mm.;  span  of  umbilicus,  .^O  mm.: 
Iieight  of  outer  whorl  in  intermediate  part,  45  mm.;  bi-eadth  of  same. 
IJO  mill.  It  is  without  constrictions,  and  in  form  and  character  of 
lentral  ribbing  bears  a  n'semblaiice,  to  OhH>Ktephinmn  potosinua  C. 
and  A.,  a  fossil  fnmi  which  in  other  it^sjwcts  it  widely  diffei-s. 

The  species  is  named  for  Mr.  Charles  Schucbert,  cnrator  of  inverte- 
hnihi  /jfjJconlology  in  the  United  Slates  National  Museum. 
•  Fosa.  A.  Badpn.  Vl.  X>.  Us.,  \c 
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Genus  ASPIDOCERAS  Zittel. 

ASPIDOCERAS  ALAMITOGEN8I8   C   and   A. 

PI.  XXVII,  flg.  2. 

Aspidoceras  alatnitorcnsis  Castillo  and  Aguilera,  1895,  Bol.  Com.  Geol.  Mex^ 
No.  1.  p.  43,  PI.  XXIII. 

A  portion  of  a  shell  which  appears  quite  identical  with  this  bulky 
animonite  was  obtained  IJ  miles  east  of  Malonc  station.  It  includes 
about  a  fourth  of  a  volution,  belonging  mostly  to  the  septate  part  of 
tlie  shell,  but  including  also  a  small  posterior  fraction  of  the  body 
chamber.  The  septal  line  is  imperfectly  shown,  but  the  lateral  lobes 
and  saddles  are  large  and  coarsely  dissected,  the  saddles  having 
obtuse,  the  lobes  having  sharply  pointed  terminal  divisions;  and  the 
auxiliaries  (not  visible  in  our  specimen)  are  few,  or  at  least  not  pres- 
ent beyond  a  narrow  innbilical  tract  of  the  whorl.  Of  the  two  row^s 
of  tubercles,  only  one — that  which  borders  the  umbilicus — is  shown, 
owing  to  the  condition  of  the  specimen.  Traces  of  low^  ribs  separated 
by  broad  and  shallow  valleys  and  crossing  the  broadly  rounded  outer 
side  of  the  whorl,  are  distinguishable.  The  specimen  indicates  a 
shell  at  least  as  large  as  the  largest  of  the  Alamitos  specimens  whose 
dimensions  are  given  by  Castillo  and  Aguilera.  In  the  matrix  with 
it  are  several  imperfect  specimens  of  Exogyra  »ubplicifera. 

As  compared  with  the  rich  invertebrate  fauna,  the  known  verte- 
brate fauna  of  the  Malone  formation  is  pitifully  meager. 

Besides  a  few  ill-preserved  and  problematical  structures  which  may 
pertain  to  Vertebrata,  the  Malone  Hills,  IJ  miles  east  of  Malone  sta- 
tion, have  yielded  two  cycloid  fish  scales,  Iwtween  circular  and  quad- 
rate in  outline  and  a  little  smaller  in  area  than  a  1-cent  piece;  one 
well-preserved  hemispherical  tooth,  about  the  size  of  a  checkerberry, 
of  a  Pycnodont;  and  a  number  of  fragments  of  bones  of  rather  large 
swimming  reptiles,  which  are  probably  in  part  those  of  Enaliosaurs. 

The  east  sloi>e  of  Malone  Mountain,  a  mile  north  of  its  southern 
end,  has  yielded  Doctor  Stanton  a  shark's  spine  of  indeterminate 
genus. 

\Miile  the  Upper  Jurassic  rocks  of  Potosi,  Oaxaca,  etc.,  Mexico, 
have  yielded  a  considerable  number  of  invertebrates — some  now 
known,  others  not  yet  known,  from  Texas — they  have  apparently 
yielded  no  vertebrate  remains  of  record  whatsoever;  and  the  above 
brief  notices  therefore  apparently  embrace  all  that  is  known  of  the 
Vertebrata  of  the  Upper  Jurassic  in  Texas  and  Mexico, 
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Fids.  1-3.  Abtboc<ekia  maimkiara  Vdnglinn.  sp.  d.  (p.  ;M). 

Figs.  2,  3.  CorallH  of  natiirtil  siKe  allowing  varUitioii  iu  mode  i)f  icnm'tta. 

Fig,  3.  Severtti  corHllHeH  from  flg.  2,  ciiliirKwl  li  Oinnieterjii. 
Fm.  4.  Sebpula  H|].  (11.37). 

Cross  Hectlons  of  tubes. 
Ki08.  5.  li.  BESpni^  ooRDiALiB  Bcblotbeiiii  (p.  IS").  ^^^i 

K<>v<t:i1  «7>i'ciiin'iiH  j;n>ivliig  on  -Astroco-nlii  mnloniauo.  ^^^H 

Flo.  T.  Behenicea  maloniana  sp.  u.  (p.  38). 

Enlarged  3  dinnieterB. 
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Puis.  1-fi.  Urtfh.b  mexicana  Fells  (p.  3 

Fig.  1.  YoniiK  sqiecJoieD,  naturul  size. 

F\e.  2.  Young  striated  ludlvLduul,  culiirged  Ij  dlametera 

FlKH.  4-it.  Muluiv  Kiieciiupn. 
Fto.  T.  ExouroA  i^iToeiRA  CaatUlo  Hiid  AguUern  (|i.  41). 

See  I'l.  IV  for  additlounl  Bgnra. 

PlOS.  !*.  1).   PLIC'ATULA  SI^)BTBIJ.A  up.  n.  (|i.4;i)- 

Two  views  of  the  Imperfect  type  Bpeclmen. 
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I    FlCB.   1-1.    ESOOYRA  SlrBPLlCIKEBA  FcUx  (p,  41). 
^    FlOe.  K.  X.    LlilH  INTRRLINEATA  R|).  n.    (p.  43). 

Fig.  S.  Type  B|iecltnpn,  nutural  Rise. 
Klg.  6.  Part  uf  Knilptiire,  Mil»rg«]  3  dianiptpn. 
Fiu.  7.  ExooYRA  E>OTnsiriA  Caatlllo  and  AgiillPrri  ()i.  41). 
See  PI.  Ill,  tie-  ^■ 

PiGH.  S.  9,  H).    GE8V1LI4A  CflBHUQATA  Bp.  11.    (p.  40). 

I'-lg.  8.     Rljilit  Viilvp  with  uiosl  Of  tlic  slipll  pifollaled. 
Fig.  0.    Left  valve  of  another  Bpeclmen  In  Name  state  of  preeerv&tlon. 
Fig.  to.  Small  dlatorted  left  valve  Bbowlng  atrooK  sculpture  of  umbo. 
FiQs.  11,  12.  Pbcten  iNsnrus  sp.  n.  (p.  44), 


MALONE  JURASSIC  m^ERTE,BttKT&%. 


PLATE  V. 


119 


u,  (p.  47). 

Side  iinil  profile  views  or  the  tyr*  spwluu'ii, 
jS^U.  4.  I.IMA    (CTEHOeiBeON)  lUOOBANDE.VBIS  Sp.  O.  (p.  44}l, 


lURASSIC  INVERT tBRKiei. 


PLATE   VI. 


121 


i  UAtONUNA  dp.  U.    (it.  48). 

Side  and  prollle  Views  ur  tlie  type  eptecfDten. 

£'10.   S.    MODIOLA   aSNIClTLATA  SJI.   II.    (p.   iU). 

Fmb.  4,  5.  MvTtLUH  NUNTira  sp.  n.  (p.  48). 

Side  Hiid  profile  views  ot  the  type  apeL'Imen. 
FiQ.  a.  Abca  DvuaiA  sp.  n.  (p.  51). 
I  S'lSB.  7,  8.  Abca  TArni  Hp.  n.  (p  5U). 

Side  and  prollle  vlewa  of  the  type  speclm 
Pioa.  0,  10,  (■ 

Fig.   9.  The  Imperfect  type  specimen. 

Fig.  10.  Portion  of  surface  enlarged. 
FiOB.  11,  12.  Cdcuuaa  CA8TUXOI  ep.  n.  (p  54). 

Side  and  proflle  Tlew>  of  the  type  apeclmen. 
Fro.  13.  Leda  ?  NATioui^  ap.  n.  (p.  56). 


MALONE  JURASSIC   INNeRT^aRt.TE%. 


PLATE   VII. 


123 


MALONE  JURASSIC  IKVCnTEBRkTC^. 


PLATE   VIII. 


125 
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h  ITiaa.  1,2.  TuaoNu  RuniofiBTAi'A  up.  n.  (p.  (Bl. 

Sldb  and  proflle  vlvn«  of  tbp  type  apfvlnien. 
Fta,  .^  ^KiannjA  nuivve&rirasTATA  I'll.  ii.  (p.  I.i:{). 

.  Abtahtc  bukvuwla  Bp.  u.  (;>.  *A). 
^  Fioa.  r>.  II.  Ahtabtk  w)aTirw.v*  i^i.  n.  (p.  B7). 

KIk-  5.  l^ft  I'alvc  <if  lyiw  unlHrgeil  2  illiniiRtcra, 

Fig.  0.  lh)rNal  view  of  anotber  Hpwliii'?u. 

^■yiO.7.    ANTAiri-Kl'UATH'irLA  «n- "■    111.(181. 

VU'.H.    HI.    II.     ASTAHTK    .MAIDNKMSIS   CniU-iM     If.   <m|, 

Sw  ri.  XII  tw  :nlUitwiiiil  flgureH. 
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Fins.  !-.■).  AsTABTE  MALOSENSis  Criigln  (i>-  "lil. 

See  PI.  XI  for  aUilltloiinl  il^iui-en. 
FiQS.  4-G.  I'TTCi 

Fig.  4.  Natural  hIt^. 

Figs.  6,  S.  Anotber  Rpeciiuea  enlarged  li  illaniet«ra, 
Pi08.  7.  S,  TTNirAiiDiiiu  1  'rxANevEKsnu  8i».  ii.  (p.  7<1). 

FiCiH,  !>-ll.    IINIL'.4HLJIL'M    V  SEHIUIVrUNBUll   H'-   f-    ll>-   "«). 
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i5fto.  . 


I,  2.    rvi'illN*  BTHEPBIH ITZII  (.'Rlglll    (l>    7S1. 

:i.  IjUbiua  pLuNitisnui.A  «[).  lu  di.  Tf>). 
4.  n,  l.iPtiNA  ivmaiifA  Cnstltlii  aud  ABulIfCii  ( 

(t-llt.   Ll'ci.fA  PdTORlNA  Viir.  mptvl'ii  v;l1', 

II.  12.  Cyfbina  corasoi  CiLflllllu  iiml  Aei 
\:i.  Tapes  CLNEOVAxra  s[).  ii.  (p.  791. 
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Ftam.  t.  2.  PtinLADOMrj 

RtdP  and  anterior  vlewK  of  tbe  snui^  Miiec-liii 
Fion.  3,  4.  PMoi-AiwurA  ra.crasiTA  k[i.  n.  ([i.  fG). 
Twti  vIcn-M  of  tlip  Kfline  sperliii 

FlOB.  r*.  (i,    rtlOI.ADUMVA  MtJl'It-'OHTA   KlM-UMTl    (J'-  SI). 

side  aud  dorval  vletva  «r  tlio  same  xuecUi 
PifiH.  T,  K  Anatiha  iiiiLWuirucATA  B|i.  n.  (]■'  ^)- 

KlOS,  !).   III.    .VNATI.NA   'I  r'-lCVUlEBA  SI).  U.    (|).  SB), 
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Pus.  1.  S.  ItjAiloMTA  iNiiiNBiAM*  viir.  inrlrt  viir, 
Roe  PI,  XVllI  for  addlllonnl  tlguiv. 

FlQH.   -'I-rt.    M*KTk»IA    UAlliniMIA    )>|l.    U.    ijl.    ST). 

I-'Iks.  a.  4.  Side  Hiul  doraal  vIi'wk  nf  tLi-  Hjiiif 
Fig.  n.  Antttrliir  vIpw  »t  nuotlicr  H|HS-lnicii. 

Ftu.  II.  TUBACIA  ?  UaIXiNUNa  Kli.  II,   (|>.  Ml). 

I'm.  7.  t'oi«in.A  MAi.(iNiANA  H|K  n,  (]>.  «"). 

FlUB.   8.  (I.    I'LttlWrntM  AWA   LIBl-HMilU'.llA    «|l.    II.    (I' 

Twu  vIpwk  uf  the  Hniu«>  Ht'^luicu. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  Statjis  Geological  Survey, 
Washington,  IK  C^  Fehmari/  77^  lOOo. 

Sir:  I  submit  herewith  the  manuscript  of  a  report  on  the  copper 
deposits  of  Missouri,  by  H.  Foster  Bain  and  E.  O.  Ulrich,  and  recom- 
mend its  publication  as  a  bulletin. 

The  report  is  the  result  of  field  work  undertaken  last  season  by 
Messrs.  Bain  and  Ulrich  in  response  to  numerous  requests  for  infor- 
mation concerning  the  copi)er  deposits  of  Missouri.  It  contains  a 
summary  of  all  available  information  regarding  the  copper  deposits 
and  a  preliminary  statement  of  the  stratigrai)hy  of  the  region  in  as 
great  detail  as  the  facts  at  hand  w^arrant  and  as  is  necessary  to  a 
proper  understanding  of  the  occurrence  and  geological  relations  of 
the  copper. 

Very  respectfully, 

C.  W.  Hayes, 
Geologist  in  Charge  of  Geology, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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COPPER  DEPOSITS  OF  MISSOURI. 


By  H.  Foster  Bain  and  E.  O.  Ulrich. 


INTRODUCTION. 

Scope  of  this  report, — Copper  is  now  being  mined  and  smelted  near 
Sullivan,  Mo.,  and  at  other  points  in  the  State  copper  deposits  arc 
attracting  attention.  The  present  paper  is  a  brief  account  of  those 
depasits  which  have  so  far  been  mined,  with  such  suggestions  as  seem 
warranted  regarding  further  prospecting.  The  occurrence  of  copper 
in  quantities  permitting  actual  exploitation  in  the  midst  of  a  great 
area  of  unaltered  and  little  disturbed  sedimentary  rocks  raises  many 
interesting  questions  of  genesis.  These,  however,  can  not  be  ade- 
quately discussed  until  the  general  studies  upon  the  lead,  zinc,  and 
other  ores  of  the  Mississippi  Valley  are  somewhat  further  advanced. 

The  present  paper  is  based  upon  work  done  in  1004  by  the  authors, 
assisted  by  E.  E.  Ellis.  Mr.  Bain  is  responsible  for  all  statements 
relating  to  the  ore  deposits  and  mines,  while  Mr.  Ulrich  has  made 
the  determinations  of  the  geologic  horizons  and  has  written  the 
description  of  the  formations. 

History, — Attempts  to  mine  copper  have  been  made  in  Missouri 
since  1887,  and  at  different  times  copper  furnaces  have  l)een  operated 
in  Shannon,  Ste.  (Jenevieve,  and  Crawford  counties,  while  a  matte 
carrying  in  addition  nickel  and  cobalt  has  been  steadily  produced  at 
Mine  La  Motte.  These  localities  are  shown  on  the  accompanying 
sketch  map  (fig.  1,  p.  11).  Copper  has  probably  been  shipped  in  small 
quantities  from  several  other  counties  also.  Shumard,"  writing  in 
1860,  enumerated  15  counties  in  which  copper  was  known  to  occur. 
Even  at  that  he  missed  Ste.  Genevieve,  the  one  from  which  the  main 
output  has  come.  Very  little  attempt  had  then  been  uuide  to  develop 
the  deposits.  After  the  work  of  Joseph  Slater  in  Shannon  County  in 
1837  no  serious  effort  to  mine  was  made  until  187G,  when  Charles  T. 
Biser  shipped  a  few  carloads  from  the  same  locality.  About  the 
same  time  the  Ste.  Genevieve  mines  were  developed,  and  they  con- 
tinued in  operation  until  about  six  years  ago.     In  11)04  the  furnace  of 

•  Sliumard,  B.  F.,  Report  of  progress  :  MUsovuV  livioV.  ^wt's^'s,  V^^A,  \!.\>.'\-^. 
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Uk'  Missouri  Copper  Mountain  Mining  Company,  ut  SiillivHn.  was 
I  |iiit  in  blast  and  metal  began  to  be  shipped  to  Chicago  for  refining. 
I      There  are  no  exact  figurpti  of  the  amount  of  copper  so  far  prtt^ 

(liicud.     Ludd"  estimated  the  total  as  having  been  worth  less  than 
,  $20,(XK).     This  is  probably  too  low.  since  the  St«.  Genevieve  mines 

iprwluwd  ivgnlarly  for  some  years  and  in  1880  atone  were  credited 
by  the  Tenth  Census  with  an  output  of  $25,730.  Ijocal  estimates  of 
the  production  of  the  Sinter  mine,  in  Shannon  County,  indicated  a 
[.production  of  approximately  $50,(KK(.  In  1903  the  State  mine  in- 
;  spGctor,  (J.  K.  Williams,  is  quoted  ''  us  estimating  the  sales  of  cop|X'r 
1  ore  for  the  year  to  nmonnt  to  ¥30,210.  In  1904  the  furnace  at  Sulli- 
'  van  shipped  two  carloads  of  metal,  and  for  some  years  a  copper  matte 
I  has  been  regularly  Hhipi)ed  from  Mine  Iji  Motte.  From  this  it  np- 
i  pears  that  cupper  in  important  amounts  has  been  actuatty  marketed 
from  this  State  for  some  years. 

General  diutrihvtion  of  the  copper. — Copper-bearing  pyrites  are 
[■  widely  distributed  in  MiMinuri,  as  in  many  other  States,  and  the  bril- 
I  iiant  colors  of  the  alteration  products  lead  to  ready  recognition. 
I  Occun¥tice.>^  have  Irh'ii  noted  in  Benton,  Clark,  Crawford,  Dade. 
,  Dallas,  Dent.  Franklin,  Greene,  Iron,  Jasjwr,  Jefferson,  Lawrence, 
I  Madison,  Maries,  St.  Francois,  Ste.  Genevie\-e,  Shannon,  Washington, 
'  snd  probably  a  number  uf  other  i>ounties.  For  the  most  part  thes«^ 
ncrurreiices  may  1«-  at  once  dismissed  as  of  no  economic  icripurtaiice. 
The  fimi-  which  have  yielded  ore  have  already  l>een  noted. 

AVifli  the  exception  of  one  or  two  sporadic  occurrences  of  merely 
(iiiiieriilngic  inleresi,  copper  is  found  only  in  the  southern  part  of 
Missouri,  within  the  region  'jroadly  known  as  the  Ozark  uplift.  This 
is  an  elliptical,  warped  plateau  having  a  major  north  east- south  west 
axis  of  some  JiOO  miles  and  reaching  its  topogi-aphic  culmination  at 
Cedar  (lap,  somewhat  west  of  the  copper-bearing  territory. 

Its  geologic  center  is  to  the  east,  whei-e,  in  Irtm,  Madison,  St. 
Francois,  and  adjacent  counties,  there  exists  a  series  of  semidetached 
clcviitions  made  up  of  crystalline  rocks,  known  as  the  "St.  Francis 
Miiinitains."  These  rocks,  mainly  granite  and  porphyry,  but  with 
siiljunlinate  amounts  of  liasic  intrusives  and  probably  of  metamor- 
((ho^'il  sediments,  are  of  ]ii'e-Canibrian  age.  Around  them  in  con- 
(Tiitric  belts,  each  wider  to  the  west  than  the  east,  are  the  Cambrian. 
tli'duvi.-ian.'aml  hilci-  i-ocks.  mure  especially  described  below.  The 
I'egion  is  one  of  iiiiportant  and  varied  mineral  wealth.  Iron,  lead, 
i';inc,  barife,  iind  iiiiiiigaiiese,  as  well  as  copper,  occur  and  are  mined, 
Dojiile  llie  I'acl  that  it  iiicltules  some  of  the  earliest  American  set- 
llenicnl>,  (■o1l^i^lerallle  areas  within  it  are  very  sparsely  settled,  ai-e 
nndi'M'hipcd.  rind,  in  cinnjiai'iMui  with  the  siuTounding  territory,  ai-e 
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inucc't'swiblc.     It  is  not  surprising.  tlM-refore,  thut  pnimiwiiig  mineral 
prospit'tfi  liiivc  Im'cii,  in  s<iinc  instances.  inii(l('qniil<-ly  iiivc^ligatcd. 

Copper  (MCTirs  as  fur  soiitli  unci  west  as  in  the  .Toplin  zinc  district, 
where  dial  copy  rite  iw  very  (Mnimon  and  many  of  tlie  copper  oxides, 
carbonates,  etc.,  have  Ik'cu  recognized.  It  is  to  Im;  noted,  however, 
that  the  areas  in  whieli  it  occurs  so  abundantly  as  to  have  induced 
etforts  to  mine  it  are  all  Iwatcd  near  the  core  of  cryslalline  rocks,  ft 


ihowlDg  location  ut  copper  dc|ioi|ltii. 


relation  which  hcconips  more  striking  as  the  individual  (Hcurreiices 
are  examined.  The  prc-Cambrian  age  of  these  nH-ks  is  well  attested, 
and  there  is  no  evidence  of  any  later  igiioons  activity  in  the  district. 
A  pos.sible  exception  is  the  occurrenw  of  a  dike  of  graphic  granite 
in  Camden  County,  which  Professor  Shepard  has  doscrilK'd,"  Here 
an  intrusion  t(Hik  place  in  ix)st-Ordoviciun  and  probably  [wst-Devo- 
nian  time.  It  does  not  seem,  however,  to  have  been  accompanied  by 
important  mineralization,  and  has  no  apparent  connection  with  any 
copper  deposit. 


Sup,  anil  Irr.  I'lijier  Nn  1 1",  I-. 
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mi  tgnim^ug  of  llif  fiirmntioiiM  of  thf  "Muytifimi 
arrien"  iii  iliiisoari. 


3t  Peter  ("Crys-  'l 

talCity")  oa    '     ' 


UiiDnetPiTi'     lime- 


First  or  Sacpharoidalsanii- 

I  Cap-HTt-Qr^s  Mmdstono. 
'  Pacific  BandstoD^. 
"Key  Bandstone"  in  Yell- 

villedistriutof  ArkaiiMU), 

Second    Magnesian  lime- 

I  WinfipldUiueatonQ. 
Finley  limestone.  ^ 
I  !Miirsta6e1d  T<andstoii«. 

S(:<oond  sandstone. 

Moreau  sandHtone. 

St.    Elizabeth     frirmatinn 
;      an<1    Bolin  Creek   Hand- 
stone  member. 
;  ?MarBhlteld  sAndstons. 

?Bo]ivar  aandstooe. 

Third  uid  Fonrtii  Mbkbo- 
aian  liinestanea  and 

Thin!  saii^islones. 

IiirluOe^i  Osa);e  limestnnf. 
I.'iilc  Camp  sundsti'iic  of 
Winslnw;  also  Gascon- 
ade limestone.  Qnnter 
sandstone,  and  Proctor 
limestone  of  Ball  and 
Smitb. 

LesneuT  limestone. 

'  Basal  part  of  the  Potosi 
limestone  and  the  "Po- 
tosi  slates  and  conglom- 
erates'"  of  Nason. 

{JFonrth  Magnesian  lime- 
stone (in  part). 
Decatnrville  limestone. 


I  LaMmti-Hnnd»tciiii 


Archean  f^ranites  aud  porphyriee 


•I  Thu  names  "  Fullcy  Ui 


."  '■CiipjiuOr*Bmnd9tf.ne."»nd  "  Wiufl  old  HmestODe."  together 
LIliOH,  Vi-re  imblf^hed  by  Kcyi^rt  In  n  jiaper  eiitilled  Some  ge^t- 
■HIT'S  uplift-  Prw.  Iowa  Acad.  SrU  "ol.  S-  HW".  PP-  68-B3- 
i-.-'-Marsliacld  xAndntoti^,-' nnil  "Dt^'nturvtUe  llumtoDe"  ap. 
lugit;  rormatiom  iu  Ul»«Mirl  l>y  Slie|iard,E.  M.,  Ball  Brad.  Uwl. 
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GEOIiOGY. 
FORMER  CLASSIFICATIONS  OF  THE  ROCKS. 

The  geologic  formations  containing  the  copper  deposits  of  Mis- 
souri, descril^^d  in  tliis  pajx^r,  all  belong  to  that  difficult  and  much- 
discussed  series  of  rocks  conmionly  known  as  the  "  Magnesian  series  " 
and  more  recently  called  the  "  Ozark  series.""  Many  and  diverse 
attempts  at  subdividing  and  classifying  these  rocks  have  been  made 
in  the  last  fifty  years.  None  has  proved  wholly  satisfactory,  and 
some  have  merely  increased  the  confusion. 

It  is  obviously  impracticable  to  discuss  the  numerous  and  important 
problems  connected  with  the  Ozark  series  of  rocks  except  in  the 
briefest  manner  at  this  time.  Besides,  as  it  is  proposed  to  continue 
the  investigation  of  the  stratigraphic  problems  during  the  coming 
field  season,  it  would  be  unwise  to  hamper  the  final  conclusions  by  a 
preliminary  publication  of  views  necessarily  based  on  incomplete 
field  observations  and  office  studies.  Still,  thase  investigations  have 
been  sufficiently  extended  to  induce  the  belief  that  the  results  here 
presented  will  not  be  materially  modified. 

In  order  that  the  following  resume  may  be  made  as  intelligible  as 
possible,  it  has  l)een  thought  well  to  precede  it  with  a  table  giving 
(1)  the  successive  thickness  and  provisional  classification  of  the 
formations,  (2)  the  names  of  the  formations  that  after  a  careful 
study  of  the  matter  have  seemed  to  accord  best  with  the  demands  of 
the  rules  of  nomenclature,  especially  the  rule  of  priority,  and  (3) 
the  principal  synonyms  of  each  name. 

Swallow'^8  scheme. — In  1855  Swallow  and  his  assistants  *  published 
a  scheme  of  classification  of  the  rocks  in  which  the  subdivisions  were 
based  primarily  upon  the  separation  of  the  rock  by  beds  of  sandstone 
usually  much  thinner  than  the  limestone.  These  sandstones  were 
regarded  as  widespread  and  constant  in  position,  and  hence  of  high 
value  in  the  correlation  of  the  l)eds  of  more  or  less  magnesian  lime- 
stones betw^een  them.  Fossils  being  rare,  and  generally  in  an  unfavor- 
able state  of  preservation  when  found,  and  the  older  geologists  seeming 
to  have  had  confidence  in  the  persistence  of  the  sandstone  beds,  the 
mimbering  of  the  beds  from  above  downward  promised  to  be  a  happy 
solution  of  the  difficulties. 

From  the  beginning,  how^ever,  of  the  later  surveys  of  the  State  of 
Missouri,  under  Winslow,  Keyes,  and  Buckley,  the  inadequacy  and 

«  Broadbead,  G.  C,  Am.  Geol.,  vol.  8,  1891,  p.  33.  The  term  "  Ozark  series  "  is  frequently 
employed  in  the  following  pages  in  a  quoted  sense.  In  the  flnal  nomenclature  of  the  rocks 
of  Missouri  there  can  be  no  place  for  the  term  as  defined  by  Broadhead.  In  the  mean- 
time, however,  it  Is  a  convenient  alternative  for  **  Magnesian  series." 

*  Swallow,  G.  C,  First  and  Second  Ann.  Repts.  Missouri  Geoi.  Survey,  1855,  pp.  114-131. 
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inijK'rft'i.'tioii>  (if  Swuilow's  c1fls,sili(')iliim  Ijccamt'  moiv  hiuI  iwnv  a|>- 
I  parent.  The  Iniprantii-ability  of  the  prevailing  iii(x)i<  of  subdivision 
I  «oon  became  obvioiiM,  Tliey  found  not  only  mow  r<ai id- tones  than 
\  wore  accoiintwi  ftir  in  Swallow's  wbemp,  but  mIko  that  inosi  of  these 
I  beds  were  mere  leiisea.  B|>i>earing  and  diRnpijearina;  with  dis<?oiic<.'rt- 
ixig  fi-equcncy  and  irreguiHrily. 

iVaKon^M  u'/id-.—Sfisan,"  in  1802,  was  the  first  to  indicate  these  fa<-r-. 

However,  in  the  eoiirw  of  his  work  on  the  rwks  of  the  ()/.8rk  series 

be  found  lliat  the  ^'iieral  liorizon  that  had  Ix'en  Tnon*  constantir  idon- 

tilied  correctly  lliau  any  of  the  other  beds  by  Swallow  hikI  his  nssist- 

»m(s.  and   ealletl   the  "Second   san'-tone,"  was  really  a    perwiMtcni 

formation  over  a  largo  part,  of  tbi  Ozark  uplift.     The  mime  Ronbi- 

doiix  Kand^tone  Ibercfore  whs  i)roi)osiHl  by  him  as  a  grographic  dewig- 

uation  to  take  the  place  of  Second  sandstone.     At  the  same  time  Iip 

propose*!  to  cjill  the  formation  l»eneath  the  Uonbidous  the  Oasconade 

'    limestone.    iVrbaps  it  i.*  luifurtnnalo  Ihat  Nason  failed  to  fix  (he 

lower  limit  of  his  (laHconade  formation.     From  another  view  it  is 

I   rather  fortnnatii  that  be  did  not.  winee  with  tliu  fuller  knowledgt?  of 

the  ejitire  section  now  available  tlie  want  may  he  sopplied  in  a  niBiiner 

I  more  in  accord  with  the  best,  nitcrestfi  of  stratigraphy  than  might  have 

,  been  possible  in  IBi>2. 

1  NaHon's  supposition  respecting  the  probable  e<]nivalence  of  the 
''RoubidoilX  sandstone  and  Swallov,'.^  Fir'sl  or  SmTlmrfildnl  sandstone 
ll^  c\liihilfd  ;l1  I'iLrJIir  :hi.1  ('rv-i;il  CKn  (-|.  rlu.  ,,  |  1 :.  |  i-,inqii,— 
tioiialily  an  citoi>.  and  d«.nbtle.^  w;i-  occa>i<mcd  by  his  jnsliiiable  loss 
of  i'uiifi'<lcn<-i-  in  Ibe  ability  of  the  -rfologiHts  of  the  fii'st  survey  to  dis- 
criminate bclwccii  the  sevcrjd  beds  of  sandstone  and  limestone  by 
litliol<)<iic  characters  only.  It  arose  further,  and  perhaps  especially. 
from  the  fact  (hat  neither  he  nor  any  of  the  geologists  Ijcforc  blni 
recognized  that  the  true  First  or  Saecharoidal  sandstone  has  l>ecn 
(|uite  generally  removed  from  Ihe  central  areas  of  the  Ozark  Plateau, 
The  sandstones  identified  by  Sbuninrd  and  other  geologists  in  the«e 
central  areas,  and  also  along  the  western  border  of  the  outcrop  of  the 
JIagnesian  series,  are  not  the  same  as  the  true  "  Saecharoidal  sand- 
stone "  on  the  eastern  flanks  of  Ozarkia,  as  this  ancient  land  has 
recently  been  called,  but  are  in  nearly  all  cases,  as  believed  or  sns- 
pcctetl  bv  Xason,  older  and  much  thinner  beds.  Some  of  them  may 
Iw'hmgto  the  Hoiibidoux,  most  of  tlieni  pi'iibably  lo  the  Jcft'erson  City 
limestone,  whili'  a  few — i)iii'licularl\-  fbose  al  the  contact  with  the 
overlying  DcvDiiian  or  CiirbouitVron-,  rocks — ai'c  the  initial  deposits 
()f  nn'ich  youn^'er  formations.  As  a  rule,  it  may  !«'  stated  that  where 
no  later  Ordiivician  rocks  intervene  between  the  "  llagnesian  scries" 
and   the  Devonian  or  h.wci'  Carboniferous  beds  that   generally   ivst 
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on  the  eroded  surface  of  the  older  rm<rnesinii  limestones  on  the 
western  and  southern  flanks  of  the  Ozark  uplift,  the  true  "  Sac- 
charoidal  sandstone  "  is  missing  entirely,  it,  togeilier  with  more  or  less 
of  the  underlying  limestone,  having  i)een  removed  hy  erosion  prior  to 
the  Devonian  and  Carlxmiferous  overlap.  The  long  interval  during 
which  Ozarkia  was  elevated  above  sea  level  and  suhjected  to  erosion 
agencies  was  (juite  suflicient  to  remove  the  sandstone,  since  it  com- 
pris(»d  the  later  half  of  Ordovichm,  the  whole  of  Sihirian,  and  the 
greater  part  of  Devonian  time. 

Withslow'^s  tdhle, — In  1S04  Winslow  i)ublished  a  table  of  formations 
in  the  lead  districts  of  Missouri.**  A  number  of  new  names  for  di- 
visions of  the  rocks  under  consideration  are  contained  in  this  table, 
and  in  the  matter  following  the  table  l>rief  descTiptions  of  most 
of  the  formations  are  given.  The  whole  series  in  the  southwestern 
district  is  included  under  one  name — White  River  limestone.  This 
name  had  unfortunately  been  used  and  is  in  good  standing  for  a  Ter- 
tiary formation,  and  hence  it  is  not  available  in  this  connection. 
Except  for  this  fact  it  might  very  well  have  been  employed  instead 
of  the  name  Yellville  limestone  recently  proposed  by  Adams  ^  for 
rocks  in  northern  Arkansas  holding  precisely  the  same  ])()sition  as 
the  rocks  of  the  Magnesian  series  along  White  River.  Along  this 
river,  however,  the  top  of  the  series  is  minus  both  the  floachim  (First 
Magnesian)  limestone  and  the  St.  Peter  (First)  sandstone,  while  the 
lowest  rocks  outcropping  belong  to  the  Gasconade  formation. 

In  Winslow's  table  the  Magnesian  or  Ozark  series  in  central  Mis- 
souri is  as  follows,  beginning  at  the  top:  Roubidoux  or  Saccha- 
roidal  sandstone,  Jefferson  City  limestone,  Moreau  sandstone,  Osage 
limestone.  Cole  Camp  sandstone,  and  Proctor  limestone.  These  for- 
mations presumably  are  equivalent  to  Swallow's  divisions  of  the 
series  in  the  same  area,  the  only  difference  being  that  geographic 
names  are  used  instead  of  lithologic.  However,  for  reasons  already 
pointed  out,  it  was  a  mistake  to  employ  Nason's  name,  Roubidoux, 
for  the  First  or  Saccharoidal  sandstone  instead  of  for  the  Second 
sandstone,  which  alone  has  a  right  to  that  name,  and  Roubidoux 
doubtless  will  displace  the  name  Moreau,  proposed  by  Winslow. 
As  for  the  other  names,  Jefferson  City  limestone  is  j)roposed  for 
Swallow's  Second  ilagnesian  limestone,  Osage  limestcme  for  his  Third 
Magnesian  limestone.  Cole  Camp  sandstone  for  the  Third  sandstone, 
and  Proctor  limestone  for  the  Fourth  Magnesian  limestone.  The 
last  three  divisions,  as  will  be  explained  on  a  later  page,  all  fall 
within  the  Gasconade  limestone  of  Xason,  according  to  the  present 
writers'  interpretation  and  definition  of  this  formation. 


«  winslow,  Arthur,  I^ad  and  zinc  deposits:   Missouri  (Jeol.  Survey,  vol.  G.  1804,  p.  331. 
^  Adams,  George  1.,  and  others,  Zinc  and  lead  deposits  of  northern   Arlcansas :  Prof. 
Paper  U.  S.  Geol.  Survey  No.  24,  11)04,  pp.  18-20. 
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In  tlw  lliinl  rolimui  of  his  L»bli!  Wiiislow  prcaeiits  an  altogutlu-r 
differtuit  snlxlivi.sioii  and  nunieiiclaturu,  wliidi  is  pi-oposcd  fni-  the 
serift'i  til  soiitheastom  Missouri.  Beginning  «t  the  top,  the  fornm- 
tioiiK  lire  lis  follow)^:  (1)  Joachim  limestunv,  this  being  the  name  pra- 
posed  for  the  First  Magnesian  limestone  of  Swallow;  (2)  Crystal 
City  sandstone,  the  geographic  name  proposed  for  the  "  Saccharoitlii I 
sondstonn;  "  (3)  I'otosi  limestone,  which  iij. assigned  by  Winslow  t^p 
the  iiiturval  com>iiponding  to  the  JefTeiSuu  City  limestone  and  Moreaii 
uaudstonc  in  centnil  Missouri;  (4)  St.  Joseph  limestone,  which  is 
placed  opposite  the  Osage  liinejitone.  Cole  ('amp  sandstone,  and  Proc- 
tor limejjtone,  in  the  central  Mi.ssouri  column  of  the  table;  ami  (5) 
La  Motte  sandstone,  which  is  placed  at  the  base  of  the  Ozarlc  series. 

Concerning  the  Joachim  limestone  and  the  Crystal  City  sandstones, 
the  present  writers  believe  these  to  be  well-marked  formations  aiid 
properly  correlated  by  their  author.  The  Potosi  limestone,  however, 
corresponds  to  much  more  of  the  geologic  column  in  central  Mi&souri 
than  is  indicated  by  Winslow's  table.  As  stated  above,  he  madu  it 
cori-espond  with  only  the  Jefferson  City  limestone  and  the  Roubidoux 
(Moreau)  sandstone,  while  we  regard  it  as  including  also  the  Osage 
limestone,  the  Cole  Camp  sandstone,  and  the  Proctor  limestone  of 
central  Missouri . 

The  St.  Joseph  limestone  includes  two  easily  distinguishable  lith- 
to  units.  According  to  the  view  of  the  Potosi  fonuatioti  just 
expressed,  Imth  the  Bonnoterre  and  Elvins  formations — the  two  Irt'ds 
comprised  in  tlie  St.  Joseph  limestone — are  distinctly  older  than  the 
Proctor  limestone,  or  its  equivalent,  the  "  Fourth  Magnesian  lime- 
stone" <if  Swallow.  The  stratigraphie  relations  and  fossil  contents 
of  the  succes.sivL'  beds  in  the  sections  studied  by  the  writers  in  south- 
eusteni  and  central  Missouri,  it  is  believed,  establish  the  truth  of 
thes(;  opinions.  For  a  brief  discussion  of  these  features  of  the  pi'ob- 
lem  the  ivader  is  referred  to  the  remarks  following  the  succeeding 
descriptions  of  the  formations  in  question.  As  to  the  La  Motte  sand- 
stone. |)robably  all  agree  that  the  name  was  well  chosen  and  that  the 
formation  itself  is  an  excellently  defined  lithologic  unit  lower  than 
all  the  linu'stones  now  comprised  in  the  Ozark  series. 

AVycx""  rcpoi't. — In  the  year  1895,  following  Winslow's  publica- 
tion. Kcycs  [mlilished  a  i-eport  upon  the  section  exposed  in  the  La 
Mollc  quadi-aiiglc  of  Missouri."  In  this  area  only  the  lower  part  of 
the  Ozark  scries  occurs.  This  he  divides  into  thi-ee  formations,  the 
La  Alotte  siiiiilslone  at  the  base,  the  Fredericktown  dolomite  next 
aliovc,  !uk1  the  Ijesuciir  dolomite  at  the  top.  All  the  beds  of  the  last- 
named  formation  occurring  in  the  T-Ji  Motte  quadrangle  belong  in  the 
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Gasconade  limestone  of  Nason.  The  new  name,  therefore,  was  super- 
fluous. It  would  seem  to  have  Ix^en  better  to  employ  Winslow's 
rather  broad  term  Potosi  limestone.  The  name  Frederiektown  covers 
the  same  beds  to  which  Winslow  applied  St.  Joseph.  The  La  Motte 
sandstone  evidentl}^  is  the  same  formation  as  that  for  which  Winslow 
proposed  the  name. 

Naso)Vii  later  dm-overias. — In  1901  Nason  published  a  short  paper 
on  "  The  geological  relations  and  age  of  the  St.  Joseph  and  Potosi 
limestones  of  St.  Francois  County,  Missouri.""  This  paper  contains 
at  least  thi*ee  features  of  importance,  viz:  (1)  The  first  description 
of  a  shale  and  conglomerate  zone  separating  the  St.  Joseph  and  Potosi 
limestones,  the  discovery  of  which  had  been  announced  by  the  same 
writer  earlier  in  the  year;^  (2)  the  announcement  of  the  discovery 
by  him  of  sufficient  fossils  from  the  conglomerate  bed,  which  he 
attaches  to  the  base  of  the  Potosi  limestone,  to  enable  Dr.  C.  E. 
Beecher  to  determine  the  age  of  the  bed  as  "  Middle  or  Upper  Cam- 
brian; "  and  (3)  the  first  publication  in  a  scientific  journal  of  recog- 
nized standing  of  the  name  "  Bonneterre  lime^stone." 

Nason  did  not  overestimate  the  stratigraphic  importance  of  this 
conglomerate  bed.  Its  base  nuirks  an  important  break,  no  less  than 
that  between  the  Upper  and  Middle  Cambrian.  A  very  similar  con- 
tact, with  almost  exactly  the  same  kind  of  conglomerate  and  fauna 
above  it,  conmionly  defines  the  limits  of  these*  two  divisions  of  the 
Cambrian,  not  only  in  Missouri,  but  also  in  Indian  Territory,  central 
Texas,  and  at  least  locally  in  the  upper  Mississippi  Valley.  Classi- 
fying the  ''  conglomeratic  zone  *'  with  the  Potosi  is  believed  to  have 
been  a  mistake,  the  writers  preferring  to  make  it  the  lower  and 
greater  part  of  a  distinct  formation,  for  which  the  name  Elvins  for- 
mation is  proposed.  Finally,  the  name  Bonneterre  limestone,  used 
incorrectly  and  without  conmient  as  an  alternative  for  Winslow's  St. 
Joseph,  is  the  most  appropriate  and  probably  the  only  strictly  avail- 
able designation  for  the  limestone  beneath  the  conglomerate  of  the 
Elvins  formation. 

Ball  and  S7nith  report, — An  important  contribution  to  the  litera- 
ture of  the  Ozark  series  appeared  in  1903  in  a  volume  by  Ball  and 
Smith  on  ''  The  geology  of  Miller  County."  '•  In  this  report  very 
full  descriptions  and  numerous  detailed  sections  are  given  of  the 
formations  corresponding,  at  least  in  a  general  way,  to  the  Second, 
Third,  and  Fourth  Magnesian  limestones  and  the  First,  Second, 
and  Third  sandstones  of  Swallow's  classification.     The  nomenclature 


■Nason,  F.  L.,  Am.  Jour.  ScK,  4th  ser.,  vol.  12,  1901,  p.  358. 
^NasoD,  F.  Lm  Am.  Jour.  Set.,  4tb  ser.,  vol.  11,  1901,  p.  396. 

<"  Ball,  Sidney  H.,  and  Smith,  A.  F.,  Missouri  Bureau  of  Geology  and  Mines,  2d  ser.,  vol.  1, 
1 003,  107  pages. 
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of  tlie  formations  pivzsented  in  this  valimWe  work  differs  in  several 
rc.->ptcts  fitim  that  lii  the  table  on  pugc  1-2  of  this  paper.  For 
instance,  the  name  Giisconade  limestone  is  applied  by  the  uiithors 
mentioned  to  Swallow's  Third  Magnesian  limestone.  According  to 
tinr  view,  Nason,  who  Ls  re-sponsible  for  the  name,  included  not 
only  the  Third,  but  the  Fourth  Magnesi»n  as  well,  in  his  .sections 
of  tlie  formation.  The  Gasconade  limestone,  therefore,  if  iSii^  name 
be  nsed  at  all,  should  exteiul  downward  so  as  to  include  the  Gunter 
siiiiclstonc  and  the  Proctor  limestone.  This  is  nnt  to  say,  however, 
that  the  Gasconade  limestone  in  Miller  County  is  not  divisible  into 
tUnw  members  (or  formations,  iH-rhaps).  worthy  of  being  map|X'<i 
Bs  separate  lithologic  unit.s.  Indwtd,  such  a  division  seems  not  only 
practicable,  hut  even  very  do-sirabte  through  a  large  part  of  tlui 
northwesteni  half  of  the  Ozark  njtlift.  In  the  southeastern  half, 
however,  the  two  limestone  memixTs  and  the  intermediate  Gunter 
sandHtone,  though  in  a  general  way  recognizable,  do  not  seem  to  be 
as  readily  separated.  Indeed,  the  Gunter  sandstone,  which  is  so 
detinite  a  bed  in  Miller  and  adjoining  counties,  has  entirely  lost  its 
identity  ov  can  not  be  distingtiislied  from  a  number  of  similar  sand- 
Gtones  occurring  at  about  the  same  horizon.  In  Yell  County.  Ark-. 
(here  seems  to  lie  no  sandstone  at  all  in  the  corresponding  jwrtion 
of  the  Gasconade.  In  .Ste.  Genevieve  County,  Mo.,  on  the  other 
hand,  thti  upper  half  of  the  formation  contains  a  number  of  sand- 
stones, l)iit  it  is  impr>ssible  to  sny  that  any  one  is  equivalent  to  the 
(Jnutcr. 

The  St.  ElizalH'th  formation  of  the  Miller  County  report  seems  to 
be  cssi-ntially,  if,  indeed,  not  exactly,  the  same  formation  earlier 
namerl  Roubidonx  sandstone  of  Nason. 

As  regards  the  "  Pacific  sandstone  "  of  the  Miller  County  report, 
which  Ball  and  Sniitli  correlate  with  the  First  or  Saccharoidal  sand- 
stone of  Swallow,  it  seems  to  the  present  writers  highly  improbable 
tliat  it  is  the  same  as  that  outcrojjping  at  Pacific,  Crystal  City,  and 
many  localities  on  the  eastern  flank  of  the  Ozark  uplift.  Some  of  the 
supi»osed  o<currences  of  tliis  bed  may  be  thin  lenses  of  sandstone  in 
the  JeilVrson  City  limestone,  but  the  majority  probably  are  later  than 
Ordovician — possibly  IX^vouian  or  CarlKiuiferons.  At  the  toi>  of 
one  section  (op.  cit.,  p.  SO)  pieces  of  "  dolomite  resembling  cotton 
rock  "  occurred  above  the  saudstone.  These,  it  is  said,  "  may  Ije  i-em- 
nants  of  the  First  Magnesian  limestone,"  but.  for  many  reasons  which 
can  not  be  given  nf  this  time,  the  whole  exjxisure  <lescnbed  on  the 
]>iige  menti<nied  is  believed  to  belong  to  the  .Teil'ersim  City  limestone. 
FiniiJly,  the  name  "Pacific  sandstone"  seems  entirely  unnecessary. 
If  a  Missouri  name  for  the  true  Snccharoidal  sandstone  is  preferred 
lo  the  adoption  of  St.  Peter  sandstone,  witli  which  the  First  sand- 
>lnne  doubtless  is  identical,  then  it  should  be  Crystal  City  sandstone, 
.V  tin  1119  proposed  by  Winslow  seveta\\e.aY?>Wiowi, 
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GENERAL  REMARKS  ON  THE  •«  OZARK  SERIES'*  OF  ROCKS. 

As  has  been  already  state<t,  none  of  the  ehissifications  and  subdi- 
visions of  the  Ozark  series  of  rocks,  briefly  discussed  in  the  foregoing 
pages,  has  pi-oved  wholly  satisfactory.  An  arrangement  that  would 
he  alK)ve  criticism  is  2)erhaps  impossible.  Some  of  the  IxmIs  vary  so 
greatly  from  place  to  i)lace  that  it  is  difficuU  to  follow  them  over  any 
considerable  area.  The  difficulties  are  greatly  enhanced  bV  the  appar- 
ent scarcity  and  imperfect  presi»rvation  of  the  fossils  and  i)y  the  gen- 
eral similarity  in  lithologic  character  exhibited  by  widely  st»parated 
beds  in  the  series.  The  occurrence  of  beds  of  sandstone  at  intervals 
ill  the  mass  of  magnesian  limestones  was  early  seized  upon  as  afford- 
ing a  ready  meaiis  for  dividing  the  series  into  formations;  but  expe- 
rience gradually  taught  that  most  of  the  sandstones  were  mere  lenses, 
irregularly  developed  at  unequal  intervals  and  occurring  locally  as 
many  successive  beds  or  with  only  two  or  three.  In  the  northern 
and  central  parts  of  the  Ozark  Plateau  the  sandstone  beds  seem  to  be 
more  regularly  developed  than  elsew^here,  and  here  they  are  of  consid- 
erable use  in  working  out  the  stratigraphy.  Along  the  southern 
l)order,  however,  onlv  the  First  or  St.  Peter  sandstone  seems  to  have 
been  so  well  develoi)ed  as  to  mark  a  definite  horizon.  Along  the 
eastern  border,  especiall}'  in  Ste.  Genevieve  County,  the  upper  half 
of  the  series  is  thicker  than  usual.  It  here  contains  so  nianv  beds  of 
sandstone  that  it  is  very  difficult  to  establish  the  boundary  line 
betw^een  the  (lasconade  and  Roubidoux  formations  and  between  the 
latter  and  the  overlying  Jefferson  City  limestone. 

A  careful  study  of  the  cherts  has  yielded  perhaps  the  most  reliable 
of  the  lithologic  criteria  employed  in  discriminating  the  three  forma- 
tions of  the  Potosi  group.  As  this  gi'oup  covers  i)v  fai*  the  greatest 
part  of  the  Ozark  area,  the  opportunities  for  studying  and  tasting 
the  value  of  certain  varieties  of  chert  as  indices  of  j^articular  horizons 
ire  unusual.  Having  checked  the  results  in  many  instances  by  evi- 
dence afforded  by  fossils,  which  really  are  much  commoner  in  these 
rocks  than  is  generally  believed,  we  have  gradually  become  convinced 
that  the  storv  as  told  bv  the  cherts  is  rarelv  at  fault.  The  mere 
presence  of  considerable  (piantities  of  chert  is  at  once  reliably  indic- 
ative of  the  Potosi  group,  the  underlying  limestones  i)eing  practi- 
cally free  from  it,  as  is  true  also  of  the  Joachim  limestone  at  the 
top  of  the  series.  It  is  to  be  remembered,  howevcM*,  tiiat  the  pro- 
portion of  chert  in  a  given  bed  may  vary  greatly  in  near-i)v  exposures. 
This  is  shown  often  very  strikingly  in  opposite  faces  of  a  hill,  the 
one  side  of  w^hich  forms  a  bluff,  the  other  a  gentle,  soil-covered  slope. 
In  cases  of  bluff  exposure — where  side  erosion  is  active  and  takes 
place  under  conditions  very  different  from  those  prevailing  on  gentle 
slopes — the  limestone  beds  may  often  seem  to  be  almost  entirely  wi 
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out  eliLTl,  but  on  the  other  side  of  the  hill  the  siirfaoe  may  Ix'  thickly 
slivwii  with  it. 

The.  rlfl.ssiflcation  presented  in  tabular  form  on  p&ga  12  is  ba.secl 
upon  mure  or  le^s  extended  investigations  in  all  parts  of  the  fit-Id. 
Tile  formations  are  discrinunatt?)d  chiefly  by  lithologie  differencfs. 
'  and  limited  in  most  eases  by  at  least  local  stratigraphic  discordiinces, 
As  the  formations  are  intended  to  express  as  murh  ai^  jKissihle  litho- 
logie units  deemed  worthy  of  being  nmj»ped  separately,  the  evidence 
of  the  fosyils  foimii  in  them  was  aworded  set-ondnry  rank.  How 
ever,  in  the  determination  of  the  age  of  the  deposits  the  faunas  were 
depended  «]«in  niniust  exclusively. 

It  will  be  ohservod  that  the  division  lietween  the  Ordovician  and 

Ciinibrian  is  drawn  as  a  dotted  line  opposite'  the  Koubtdoux  member 

of  the  Potosi.    This  seeming  indecision  concerning  the  point  nl  which 

the  line  should  l»e  drawn  is  not  due  to  the  iibseiiee  of  a  fauna,  for  wb 

have  Huct»eded  in  collecting  a  large  one,  hut  l)eciinw  of  the  ciiriflict- 

1  -ing  elements  contained  in  it.     The  trilobites  from  the  Gasconade  and 

I  tlio  lower  part  of  the  Koubtdoux  ai-e,  so  far  as  ohsiirved,  nearly  nil 

r   of  types  that  hitherto  have  \tfci\  ivgaiiled  as  slricliy  indicative  of  the 

I  Upper  Cambrian.  On  the  other  hand,  the  numerous  gastoropoils  and 
fewer  brnchinjKjds  foiuid  in  the  same  Iwds  are  noarly  all  of  Ijower 
Ordovician  types. 

DESCRIPTION  OF  FORMATIONS. 

LA    MOTTK   SANDSTONE. 

This  fiirination  geiienilly  consists  of  thick,  ma.-<sive  beds  of  sand- 
stone. Towiud  the  t<ij>  it  is  often  thinly  Ix'dded  or  flagg^■.  The 
color  of  llie  sandstone  Is  usually  yellow  or  reddish  brown,  with  occa- 
f^ioiuil  layers  aliuDst  white.  It  is  generally  composed  of  large  grains 
of  i|iiiirtz  in  :i  iruitrix  of  smaller  grains.  In  the  upper  half  of  the 
fonuiition  the  niutrix  is  often  calcai-eous,  the  proportion  of  limy 
TUiiteriid  usuidly  increasing  upward  until  the  i^ock  grades  into  a 
sandy  liuiestone.  Near  the  top  beds  of  limestone  may  alternate  with 
hiyci's  of  sjinilsldiie,  and  in  such  cases  the  transition  to  the  overlying 
Honnelcrrc  liuicsfone  may  Iw  gradual.  Kear  the  base  there  arc.  fre- 
ijueully  hiycrs  conlaining  coarse  gi'lt  and  qnartz  pebbles  and  othei-s 
willi  small  |K'bbIes  of  granite  and  porphyry.  The  upper  beds  are 
often  chloritic.  Init  so  far  as  observed  no  j)art  of  the  formation  is  ever 
mica«'<ins. 

The  lujiximum  thickness  of  liie  La  Motte  sandstone  is  not  less  than 
li.'iO  feet,  iind  in  (he  boftoms  of  the  basins  adjacent  to  granitic  areas, 
which  doubtless  wci'c  the  main  sources  of  supply,  the  thickness  prob- 
ably exceeds  WO  or  possibly  400  feel.     From  this  it  dwindles  down  to 
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nothing  along  some  of  the  old  shore  lines,  where  it  is  overlapped  by 
the  limestones  of  the  next  formation. 

The  principal  areas  of  outcrop  occur  around  the  granite  hills  in 
the  western  half  of  Ste.  Genevieve  County  and  on  the  eastern  flanks 
of  the  old  Archean  hills  in  Madison  and  St.  Francois  counties.  How 
far  from  these  areas  this  formation  extends  l:)eneath  the  covering  of 
higher  rocks  can  not  now  be  said.  Possibly  it  is  widely  distributed,  and 
it  may  even  l)e  continuous  with  what  is  Iwlieved  to  l)e  nearly  contem- 
poraneous Middle  Cambrian  sandstones  in  Indian  Territory  and  in 
the  upper  Mississippi  Valley.  However,  considering  the  granitic 
rocks  in  southeastern  Missouri  as  the  principal  if  not  the  only  source 
from  which  its  quartz  grains  might  be  derived,  it  does  not  seem  likely 
that  the  formation — at  any  rate,  as  a  sandstone — could  have  attained 
any  considerable  thickness  far  from  its  present  main  outcrops. 
Masses  of  quartzite,  etc.,  occurring  apparently  at  the  base  of  the 
Bonneterre  limestone  in  the  southern  part  of  Camden  C/Ounty,  where 
profound  disturbances  have  brought  this  limestone  to  the  surface, 
may  be  silicified  blo(»ks  of  a  thin  extension  of  the  I^a  Motte  sandstone. 

In  the  area  of  the  St.  Francis  Mountains  a  conglomerate,  consisting 
mainly  of  i)ebbles  of  porphyry  in  a  slaty  or  sandy  matrix,  often 
underlies  the  La  Motte  sandstone.  In  the  Missouri  Survey  reports^ 
this  bed  is  referred  to  under  two  names — Pilot  Knob  conglomerate 
(Keyes)  and  Iron  Mountain  conglomerate  (Winslow).  The  age  of 
the  l>ed  is  variously  interpreted,  some  considering  it,  especially  at 
Pilot  Knob,  as  Algonkian;  in  other  cases  it  seems  not  to  be  older  than 
the  lower  part  at  least  of  the  La  Motte  sandstone.  The  truth  of  the 
matter  probably  is  that  the  conglomerate  is  primarily  the  initial 
deposit  of  the  invading  early  Cambrian,  and  that  during  the  subse- 
quent deposition  of  the  La  Motte  sandstone  the  conglomerate  con- 
tinued locally  to  be  formed  near  the  shore,  perhaps  more  particularly 
where  this  was  steep.  The  l)ed,  therefore,  it  not  to  be  regarded  as  a 
formation  wholly  l)eneath  and  older  than  the  La  Motte  sandstone. 

BONNETERRE   LIMESTONE. 

As  a  rule  this  formation  consists  of  more  or  less  heavily  bedded, 
granular,  and  highly  niagn(»sian  limestones.  In  texture  these  gen- 
erally are  ccmipactly  crystalline  and  often  minutely  vesicular,  with 
dolomite  crystals  lining  the  cavities.  A  few  IhmIs  are  fine  grained. 
The  usual  color  is  light  or  dark  gray,  especially  when  fresh,  a  yel- 
lowish tint  being  commonly  acquired  on  weathering.  Locally  the 
mass  may  contain  l)eds  of  a  pink  or  of  a  more  decidedly  red  color. 
Chert  and  drusy  quartz  seem  to  be  entirely  absent.  Some  of  the 
beds,  especially  in  the  lower  part  of  the  formation,  contain  much 
chlorite,  in  places  suflTicient  to  give  them  a  decidedly  gce^w  Qft\sst* 
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Toward  thf  basi-  of  tlio  fitniiatioii  it  coiituiiw  wme  silica.  This 
occurs  as  griiins  of  sand  in  the  limestone.  The  contact  with  tha 
underlying  La  Motto  sandKtunc  is  rarely  sharp,  the  two  formations 
often  ajipearing  to  grade  into  each  other.  The  basal  portion  com- 
monly also  incUuU'S  one  or  more  thin  beds  of  blui»h  sliale.  Where 
i  thf  top  of  the  formation  has  suffered  le-ast  from  tlie  widespread 
erwion  that  took  place  prior  to  the  dei»bition  of  the  Elvins  forma- 
tion it  grades  upward  from  the  Rias.sivt>  limestones  into  a  thinly 
iK'tUknl  zone,  mid  ihis  finally  into  a  bed  of  bine  shale.  Ix)cidly 
the  thinly  lietidwl  and  shaly  zon<4s  appear  to  be  absent  entirely. 

FoMsils  are  rare  in  Ibis  fonnation,  except  in  the  shaly  Ix'd  n(>ar 
tlip  base.  This  is  crowded  witli  a  si»ciiw  of  LinguU-pin,  related  to 
L.  Uimbomci  Meek.  Fragments  of  other  fossils  iwciir  with  this 
sliell.  A  few  t^pecimens  of  trilobites  and  of  orthoid  shells  related 
to  HtUmgaella  were  observed  also  in  the  shales  at  the  top  of  the 
formation.  These  fossiJiferoiis  horizons,  however,  have  not  l>e«>ii 
thoniiighly  exploited.  The  species  so  far  found  are  <rompural>lo  to 
thosi*  characteristic  of  the  Middle  Cambrian. 

Like  the  L«  Molt*'  sandstone,  this  formation  varies  greatly  in 
thickness,  and  wvms  even  to  wedge  ont  on  th?  old  bilbiides.  In  tho 
vicinity  of  Mine  La  Motto  and  Fredericktown,  where  the  basin  is 
.  comparatively  shallow,  the  maximum  thiokne-sij  probably  does  not 
exceed  200  feet,  or  iwssibly  S.IO  feet.  Farther  north,  in  St..  Francois 
County,  deep  ilriHiiijjs  show  it  to  be  much  thicker,  the  greatest  thick- 
ness proindily  iK-ing  nearly  500  fci't.  Winslow  gives  the  maximum 
thickness  in  ibc  vii'iiiity  of  Flat  River  lis  "  somewhere  near  GOO  feet," 
but  this  cstiiuiUf  (iiiubllfss  inchides  the  whole,  or  ut  least  a  large  part, 
iif  the  overlying  Klvins  fonuutioii. 

The  llonru'terre  limestone  is  the  prevailing  surface  rock  in  the 
soiitheastcni  lead  mining  district  of  Mis,souri.  The  formation 
|n<il)iii>ly  underlies  a  large  part  of  the  Ozark  uplift,  but  it  does  not 
again  coiiie  to  llie  surface  within  the  borders  of  the  State  except 
in  a  small  area  near  the  southern  boundary  of  Camden  County. 
Here  i(  occurs  us  a  nonchcrty,  massive,  crystalline  dolomite,  standing 
nearly  im  edge  aliiuil  a  dike  of  graphic  granite.  On  account  of  the 
excessively  .li>(uE'l.cd  cliaractei-  of  the  outcrop  and  the  bn-vity  of  the 
time  .Icvdtcd  to  its  sliidy.  the  thickness  of  the  formation  was  not 
di'lei'iuincd  exactly.  It  is  safe  to  siy,  however,  that  it  is  not  less 
(hail  I'OO  feel. 

That  the  base  of  the  fiu*ioation  is  exposed  at  this  localitj'  is  indi- 
ca(e<t  by  the  pres<'nce  of  a  bed  of  limeslone  filled  with  rounded  gi-ains 
of  ([uarlz  ami  of  i|uai-tzitc  bowhlers  Ix-licved  to  Ix'  silicified  massi'S  of 
La  Miilti-  sarL(lst()ne.  Closely  associated  with  these,  and  apparently 
overlying  llic  ralcaieiius  saiidsUinc,  is  a  l)Ct,l  of  fine  conglomerate 
tli:tl  I.'  fic/;crc(i  (o  be  llie  \iasiil  h\>fi;v  ot  Uw  lVjuuetevr«  limestotie. 
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The  pebbles  in  this  conglomerate  consist  principally  of  greenish-blue 
shale  and  fragments  of  limy  sandstone  abundantly  specked  with  a 
green  mineral  supposed  to  be  chlorite. 

In  southeastern  Missouri,  except  in  the  few  places  where  the  forma- 
tion overlaps  the  underlying  sandstone  and  rests  on  the  Archean,  the 
base  seems  to  be  entirely  conformable  with  the  top  of  the  La  Motte 
sandstone.  The  upper  l)oundary,  however,  as  intimated  above,  is 
variable.  Sometimes  there  is  a  considerable  bodv  of  thin  limestones 
interbedded  with  shale  at  the  top  that  at  other  points  is  much 
thinner  or  perhaps  may  b(»  w^anting  entirely.  This  irregidarity  of 
the  top  is  due  to  an  erosion  interval,  in  which  much  of  the  shaly  top 
of  the  formation  was  removed.  There  is,  consequently,  an  uncon- 
formable contact  between  the  Bonneterre  and  Elvins  formations.  In 
the  outcrops,  which  occur  chiefly  in  the  marginal  portions  of  the  old 
basins,  this  unconformable  contact  is  marked  bv  one  or  more  thin 
beds  of  lenticular  pebbles.  Where  observed  it  generally  occurs  within 
what  might  otherwise  appear  as  a  continuous  deposit  of  rapidly  alter- 
nating thin  limestones  and  shales.  On  this  account  it  may  be  diffi- 
cult, and  in  some  cases  impossible,  to  distinguish  the  upper  part  of 
the  Bonneterre  formation  from  the  Elvins  formation  in  records  and 
cores  of  drill  holes.  In  the  outcrops,  however,  the  boundary  between 
the  two  may  be  drawn  with  little  trouble.  Considering  that  this 
line  probably  separates  the  Middle  Cambrian  from  the  Upper  Cam- 
brian, and  that  it  may  eventually  mark  the  boundary  between  two 
systems,  its  stratigraphic  importance  becomes  clear. 

ELVINS   FORMATION. 

This  name  is  proposed  for  the  shales,  shaly  limestones,  and  more 
or  less  earthy  dolomites  that  in  St.  Francois  County  intervene 
between  the  shaly  top  of  the  underlying  Bonneterre  limestone  and 
the  cherty  limestones  of  the  Potosi  group  above.  In  the  vicinity  of 
Elvins  and  Flat  Rock  the  base  of  the  formation  is  marked  by  a  zone 
6  to  10  feet  thick,  consisting  mainly  of  indurated  platy  shale.  At 
the  bottom  of  this  zone  is  a  layer,  generally  only  a  few  inches  in 
thickness,  that  is  hirgely  made  up  of  lenticular  pebbles  usually 
arranged  edgewise*  in  a  subcrystalline  limy  matrix.  At  the  top  of  the 
zone  there  is  usually  a  similar  ''  edgewise  layer,"  while  betwt?en  the 
two  layers  one  or  more  smaller  lenses  of  conglomerate  may  be 
observed.  In  the  Elvins  section  given  on  pages  24-25  a  bed  of  nearly 
white,  compact,  and  apparently  not  highly  magnesian  limestone  occurs 
about  8  feet  alx)ve  the  base  of  the  formation,  which  is  well  exposed 
in  the  railroad  cut  a  half  mile  north  of  the  Illinois  Southern  Rail- 
road depot  at  Elvins.     In  the  unfinished  deep  cut  nearer  the  depot 
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tilis  liiVLT  iw  broken  lip  into  a  serie;!  of  largG.  bowUler-like  masses  that 
Jnay  be  of  foiicrt'tioiiary  origin. 

j'^   The   following  detailed   section  of  the  typiciil   exposnir-s  of 
Cforniation  will  givi;  a  better  idea  of  the  lithologic  and  other  eluir' 
'tcters  than  tould  bo  acquired  from  a  general  description : 


fei 


DamrljiU™  .if  imi 


Slope  to  top  iif  hill  fovered  abnudantly  with  char- 
AcU^Tiatii;   Potosi   chert   aiifl    masses    of    drnsy 

A  bc^  of  inaHsive,  pink,  granalar  dolomite,  with- 
out chert,  reiniraed  as  the  basal  layer  of  the 
Gasuonadt^  limestone  (aboat  4  feet). 

Lisht-yeU<iw  to  grayiBh-blrm.  apparently  Blightly 
avenitceous,  tua^esian  limeatone.  in  thin,  even 
beJs.  Bedding  planes  with  facolds.  small  cavi- 
tiwi  lined  with  crystalsof  incite  and  dolomite  in 


Very  thiuly  l)edded.  earthy  ma^esian  liniestoue. 
Near  by  this  apiwars  nearly  solid.  Two  layers, 
tHie  6  feet,  the  other  1 1  feet  beneath  ta|),  ctMitain 
hilt  very  poorly  prwiervea  foBsUs. 
ist  L'hii'tly  of  fra^mi'iitM  of  i-rinoiils  or 

I  Swbury stall iue.  brownish  dolomite 

U]>per  and  lower  thirds  shale,  middle  third  thinly 

edded  earthy  magnesiau  limeatoue 

Yellowish,  c-ellnlose  dolomite  in  thin,  rough  layers. 

Shide  

Yellowinh.  cellnlfisn  lusgTiesian  limestone 

Shale __ 

Earthy  magiicaiiiii  limestone  or  dolomite 


Earthy  magnesian  liinestone  with  lenticular  pel>- 


Duloniitic  limeHtoiie,  rather  thinly  bedded,  locally 
I  (■(•iitaining  leiitienliir  iiiilibles  and  n  few  fossila.- 
Bliie  nhale  with  irreffular  lenses  of  dolomitic  lime- 

Htonti  near  middle - _ 

Doloniitif  limestone - 


I 
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ID     0 

B     0 

3     0 


Bain  and 

ULBICH 


"] 


DESCBIPTIOK   OP  FORMATIONS. 


25 


Section  of  the  ElvitM  formation  along  the  Jllinois  Southern  Railroad  between 

Elvins  and  1  mile  north — Contiiiucnl. 


Serial  ' 

No.  of  I  ThicknesH. 
beds. 


3 


Fi.    In. 
10     0 


0-3     0 


8     0 


Description  of  beds. 


Blue  shale,  increasing  in  hardness  downward 

Soft  (rlay  shale.  This  rests  on  the  white  limestone 
beneath  or.  where  that  layer  is  broken  up  into 
I K) wider-like  masses,  it  fills  the  intervals  between 
them - - 

White,  compact,  apparently  not  highly  magnesian 
limestone,  occurring  either  as  a  continuous  layer 
or  as  l)owlder-like  remnants  embedded  in  shale. 
The  ** remnants*'  are  usually  flat  on  the  lower 
side  and  rounded  above _ . . 

Indurated,  platy  shale,  with  a  layer  of  **  edgewise 
conglomerate*'  at  the  base  and  often  another  at 
top.     (Base  of  the  formation) , 

Total  thickness  of  Elvins  formation 


Thickness. 


Ft.    In. 
6     0 


4     0 


0-3     0 


8     0 


113     9 


Beneath  these  IkhIs  the  uppt»r  part  of  the   Boniieterre  limestone 
shows  as  follows: 

Section  of  Bonneterre  limestone  exposed  along  railroad   between   Elvins  and 

1  mile  north. 


Serial 
No. 


1 


Description  of  beds. 


Bed  here  forming  top  of  Bonneterre  limestone.  It  is  similar 
to  the  basal  bed  of  the  overlying  Elvins  formation,  except 
that  it  contains  more  soft  shale  and  thinner  hard  layers; 
also  an  occasional  thin  seam  or  lens  of  crystalline  lime- 
stone ^vith  fossils  of  apparently  Middle  Cambrian  types 

Impure  magnesi:in  limestone  and  Fhale,  growing  on    the 

whole  more  calcareous  downward  in  first  20  feet;  then  a 

shaly  bed,  and  finally  more  limestone,  passing  gradually 

.  into  the  normal  type  of  Bonneterre  limestone;  exposed  in 

the  bed  of  Flat  River 


Thickness 
in  feet. 


10 


30-40 


The  lower  part  of  this  formation  was  well  described  by  Xason 
in  1001.<»  This  wi'iter  also  was  the  fii^st  to  observe  and  note  the 
importance  of  the  IhhIs  of  conglomerate  marking  the  base  and 
occurring  also  higher  in  the  lower  formation.  Kanking  the  new 
horizon  as  a  lower  division  of  the  Potosi  limestone  is  l)elieved  to  be 
an  error,  because  (1)  it  constitutes  a  sharply  defined  lithologic 
unit;  (2)  its  fauna  is  very  different  from  that  of  the  Potosi  group, 
in  wanting  all  the  molluscan  types  which  distinguish  the  Potosi  from 
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all  precotfing  rui-ks;  imd  (3)  it  «ems  that  tin-  t-ontiift  with  the  over- 
lying Potosi  is.  at  least  hjcally,  iiiiconformable. 

The  bod  of  pink  doliiniitn  nssijcucd  to  the  Jiase  of  the  Potosi  in  tlifi 
foregoing  section  coiitaint^  iio  clwrt  nor  drusy  quarts,  and  in  that 
i-espect  differs  decidedly  from  tho  overlying  beds  of  the  formation.  It 
may  therefore  be  i-egarded  as  more  projjeriy  referable  to  the  Elvinn 
formation.  This  is  not  heiv.  for  the  reJison  that  it  or  a  siiuilnr 
bed  inaugurates  the  Potosi  sedimentation  in  areas  where  the  ElvinK 
formation  is  wiinling.  The  similarity  in  lithologic  character  of  the 
bed  to  tlic  underlying  rather  than  the  o%'erlying  limestone  is  Ik?- 
lieved  to  result  fitmi  a  ivworking  of  nonsiliceoiis  matter  derived 
from  the  dissolution  of  the  underlying  limestones.  Beds  above  and 
beneath  nearly  conformable  contacts  are  often  verj-  similar  litlio- 
logically.  The  contact  Iwtween  the  Bonneterre  and  Elvins  formn- 
tions  affords  a  striking  illnstration  of  this. 

Outcrops  of  -*he  Klvins  formation  occur  principally  within  St. 
Frniims  County.  Here  they  are  found  in  the  slopes  of  |>erhap8  all 
the  hills  that  are  cappeil  by  the  residual  cherts  of  the  Potosi.  The 
formation  is  fretjuently  noticed  also  in  drill  holes  in  this  county. 
In  Uie  northern  jHirt  of  the  county  these  holes  frequently  pass  thi-ough 
from  ItiO  to  as  much  as  'ir>0  feet  of  shales  and  chertless  limestone, 
thus  indicating  a  great4>r  thicknes.s  for  the  formation  than  is  found 
in  the  S(>elion  ml'n^^ured  at  Elvins.  However,  it  is  at  present  not 
]>(issil)li'  lo  siiy  how  much  <)f  thes*^  shaly  l)eds  nnderlie  the  con- 
glomeratic layers  and  tlius  l)eiong  to  the  lionneterre  formation. 
On  Uock  Civi'k.  cast  of  Mine  La  Motte.  no  sign  of  the  Elvins  forma- 
tiiai  was  (il)served.  and  the  Potosi  rested  dii-ectly  on  the  Ilonneterm 
limcst<ine. 

11)TOSl    OKOl'I'." 

Tlic  grou|i  of  rocks  included  between  the  Elvins  formation  be- 
neiith  iiiid  llie  St.  Peter  ("  Crystal  City ")  sandstone  al>ove  is 
chaniclei'ized  liy  large  quantities  of  various  kinds  of  chert  and  drusy 
quiirlz.  Tile  group  includes  mainly  limestones,  nearly  all  more  or 
le^s  liighly  m:igricsian.  the  projiortioii  of  magnesia  in  some  cases 
a]»prii\iiiiaiirig  th;i(  ciiritained  in  a  theoretical  dolomite.  Intercalated 
Willi  ihe  liiiir-ioiu'^,  c>|)eciallv  in  the  iijipcr  half  or  two-tliirds  of  the 
s,Ties  ;iir  more  or  Ics-  irregi'ilarly  developed  an<l  usiiallv  thin  Icn^- 
<.rbi-l-;uf  ^and^1ot.e. 


e  llH  IicdH  i 


I.  BHrv^r.  vol.  a,  1SII4)  llm  forti 


>  rhnniv  of  mnnii'l  with  tli^  tc 
■ji-s  fhr  j'l'iir  followlna  for  riuionllally  the  snnie  rot 
■1^  Htm  linvi-  »tii.ll«t   (lie  Ornrk   rfH-kx   In  Hoiilliwisti 
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As  the  group  forms  the  surface  rock  over  quite  nine-tenths  of  the 
large  area  of  Ozark  rocks  in  Missouri  and  northern  Arkansas,  it  is 
highly  desirabk*  to  subdivide  it  into  such  formations  and  members 
as  may  l)e  required  to  illustrate  the  stratigi'aphy  and  structure  of  the 
region.  Where  the  sandstone  beds  are  fairly  persistent,  as  in  nearly 
the  whole  of  the  northwestern  half  of  the  area,  thev  afford  con- 
venient  datum  lines  upon  which  to  base  the  desired  suMivision. 
Careful  use  of  certain  types  and  beds  of  chert  likewise  aids  in  ac- 
complishing the  purpose. 

Building  upon  the  combined  results  of  the  efforts  of  Nason,  Wins- 
low,  and  Ball  and  Smith,  we  have  recognized  three  major  divisions 
that  we  l)elieve  may  be  carried  with  more  or  less  accuracy  over  much 
the  greater  part  of  the  territory  in  which  the  group  is  at  the  surface. 
These  Are,  (1)  the  Gasconade  limestone,  at  the  base;  (2)  the  Roubi- 
doux  formation,  in  the  middle;  and  (3)  the  Jefferson  City  limestone, 
at  the  top.  In  the  central  and  northern  parts  of  the  area  the  Gas- 
conade limestone  is  further  divisible  into  an  upper  and  a  lower  lime- 
stone formation  or  member  by  an  intervening  thin  but  w-idely  dis- 
tributed and  easily  identified  sandstone  member,  called  the  "  Cole 
Camp  sandstone '"  by  Winslow  and  the  ''  Gunter  sandstone  "  by  Ball 
and  Smith.  Locally  other  subdivisions  are  possible,  and  in  the  final 
mapping  will  doubtless  Ix*  made. 

During  practically  the  whole  of  Potosi  time  the  waters  of  the  sea 
in  the  region  now  exposing  the  rocks  of  this  age  were  shallow  and 
fluctuating  in  depth.  Frequently  the  bottom  was  raised  above 
sea  level,  or  it  may  be  that  the  waters  subsided  and  thus  caused  the 
bottom  to  be  exposed.  These  emergences  were  more  or  less  local 
and,  according  to  the  evidence  available,  must  have  varied  greatly 
in  the  length  of  time  through  which  each  endured.  Evidences  of 
this  condition  are  abundant.  Tntraformational  conglomerates,  sun- 
cracked  beds,  oolites,  unconformities  due  to  exposure  and  erosion, 
and  cases  of  abrupt  change  in  deposition  from  limestone  to  sand- 
stone all  occur  frequently.  The  conglomerates  in  many  cases  indi- 
cate a  considerable  lapse  of  time.  This  is  more  particularly  indi- 
cated for  thos(»  containing  pebbles  of  chert.  Chert  was  only  rarely 
present  in  this  group  of  rocks  when  they  w^ere  originally  deposited. 
As  it  now  occurs  it  is  largely  the  result  of  segregation  of  siliceous 
matter  under  conditions  of  slow  subaerial  decomposition  of  the  lime- 
stone. Hence  the  presence  of  rounded  chert  pebbles  is  strongly  indic- 
ative of  subaerial  erosion  and,  for  obvious  reasons,  of  a  longer  time 
interval  than  is  usually  ascribed  to  an  intraformational  conglomer- 
ate. In  these  features  tlie  deposition  of  this  part  of  the  Ozark 
series  differs  from  that  of  the  corresponding  parts  in  the  Arbuckle 
limestone  of  Indian  Territory  and  the  Knox  dolonxit^  ot  ^<^  k^gN^'^v.- 
lachiaii  Valley.     The  latter  rocks  were  \taA  Ao^xv  \w  Q5^\sv^'«>x'?>^cs^^^ 
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(Itx'p  !)iisins,  whilp  Ihoa?  of  the  Potosi  group  were  sprejul  uiipvciily 
over  tlie  summit  of  a  low,  broad  dome.  Tliis  explains  also  tlie.  occur- 
rence in  Missouri  of  a  considwiiblo  fauna,  whereas  the  correiponding 
deposits  made  in  deeper  waters  (ire  almost  or  entirely  devoid  of  fos- 
sils. The  Cambrii  n  and  early  Ordovician  fnuua»  flourislieci  only  in 
hhallow  waters  and  ilong  shore  linos. 

The  shallows  of  the  Ozark  area  aiTonled  the  uecertsary  ronditions 
for  life,  and  here  the  main  tyiKW  of  the  UpiK'r  Oanibrian  fauna — 
(-•fiiwcinily  the  trilobiti's — continued  in  existenee  longer,  while  the 
Ijowit  Ordovician  fanna  U'gHn  earlier  than  is  indiejtt«d  elsewhere 
by  faunas  hitherto  discovered. 

As  the  copper  deposits  which  constitute  the  principal  subject  of 
tliis  contribution  are  conttlined,  with  one  exception,  in  thti  nK-ks  of 
this  fn'ou]).  the  Triajor  sni>divisionK  will  Ik-  descrilM-d  in  swinie  detail. 


In  t]ic  report  on  Millt-r  County,  discussed  earlier  in  tiiis  paper,  the 
name  finsconade  is  i-psH-iet^d  to  the  Tliird  Ma^ie^ian  liniestonti  of 
Swallow,  This  makes  it  the  same  as  the  Osage  limestone,  proposed 
in  ISiH  by  Winslow  as  a  siilKlivision  of  the  (Jasconade  limestoiio. 
The  term  Osage,  however,  had  Iwen  used  by  Williams  and  Branner 
some  years  before  for  a  group  of  MiKsissippian  rocks,  and,  for  this 
reason  no  doubt,  Winslow 's  use  of  the  name  was  objectionable  to  the 
anlliors  <)f  the  Miller  County  report,  Niison  is  n-sponsiblo  for  tlie 
term  (lasronado  liiueslone.  As  adopted  by  Winslow.  it  became  too 
broad.  Ix'iiig  jilaei'd  opposite  all  the  liinest<»nes  beneath  the  Crystal 
City  sandstone.  This  expansion  of  the  Mieaninj:  of  the  term  was 
caused  by  tlie  erroneous  nssnmplion  that  the  Koubidoux  and  St.  IVtor 
sandsiones  were  equivah'nt  deposits,  .\s  employed  hei-e  the  (las- 
coiiade  iinii'stonc  embnu'es  ilie  chert -bearing  limestones  and  include<l 
sanilslone-^  iniderlying  tbc  true  Konbidonx,  as  determined  by  stndie.s 
of  s<)nie  of  Niisoii's  typical  hicalitics,  juid  overlying  the  strictly  iion- 
cherly  limestones  of  the  Klvins  and  IlonneteiTe  formations.  This 
contTplion  of  the  (iascotiade.  i(  is  believed.  Is  in  accord  with  Xason's 
inlenlion.  .\s  his  dee|»est  sections,  along  the  Current  River,  in 
Shiiiinon  Connly.  undoubtedly  contain  at  least  the  upper  part  of  the 
I'roclor  limesioni'.  wliidi  i^  (lie  basal  mend«>r  of  the  formation,  we 
have.  a<  is  uxial  in  such  case-;,  drawn  the  lower  limits  of  the  formation 
ill  the  )ir-l  well-marked  -^d'atigraphie  and  lithologic  change  iK-neatb 
the  n.ck>  included  in  the  foniialions  by  Xa-^on. 

consists  chiefly  of  dolomitic  limc!^tone. 
composition  and  somewhat  less  in  tex- 
rilv  of  the  Ih'iIs  is  gniv.  in  lighter  and 
I  bliLish  linge  is  oiisiTvable.  but  ligbl- 
.     0\\\ev  Vw.\s  \\v\\  W  Iwuwii,  gi-oen,  or 
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nearly  white.  As  a  rule,  it  may  l:)e  said  that  hhiish  tints  are  more 
common  in  the  h)wer  parts  than  in  the  upper.  The  prevailing  tex- 
ture of  the  limestone  rock  is  medium  to  eoarse  grained,  crystalline, 
or  granular,  but  comparatively  fine-grained  layers  occur,  and  perhaps 
as  commonly  in  one  part  of  the  formation  as  in  another. 

Several  beds  of  sandstone  occur,  most  of  them  small  sporadic 
lenses  in  the  uj)per  half  of  the  formation.  One  bed,  the  Cole  Camp 
sandstone  of  AVinslow  and  the  (lunter  sandstone  of  Ball  and  Smith, 
is  more  than  usually  persistent  in  the  central  and  western  part«  of 
the  area.  In  these  districts  its  thickness  ranges  from  2  or  3  feet  to 
25  feet,  and,  as  it  is  nearly  always  exposed,  it  constitutes  an  eflScient 
boundary  line  between  the  Proctor  limestone  and  the  upper  (Osage) 
limestone  of  the  formation.  The  other  divisions  are  more  likely  to 
confuse  than  help  the  geologist  in  working  out  the  stratigraphy.  In 
the  southern  part  of  the  Ozark  area  the  Gunter  sandstone,  in  common 
with  the  other  sandstones  interbedded  with  the  limestones  of  the 
Potosi  group,  is  either  absent  entirely  or  so  irregularly  developed 
that  it  has  lost  its  stratigraphic  value.  On  the  east  side  of  the  St. 
Francis  Mountains,  in  Ste.  Genevieve  County,  this  sandstone  bed  is 
probably  represented,  but  there  are  so  many  sandstones  in  the 
Potosi  of  this  region  that  it  can  not  l)e  certainly  distinguished. 

Under  usual  conditions  of  subaerial  decomposition  the  silica  of  the 
rocks  is  st^gregated  in  the  form  of  amorphcms  and  lamellar  or  vesicu- 
lar chert,  or  as  drusy  quartz,  in  nearly  all  parts  of  this  formation. 
However,  under  the  present  physiographic  conditions,  ch(»rt  is  on  the 
whole  more  abundant  in  the  upper  part  of  the  formation  than  in  the 
lower,  but  this  difference  seems  not  to  be  due  to  any  marked  variation 
in  the  composition  of  the  limestones  composing  the  two  parts,  but 
results  rather  from  differences  in  the  circumstances  attending  the 
decomposition  and  erosion  of  the  upper  meml)er  and  those*  prevailing 
in  the  case  of  the  lower.  As  is  briefly  suggested  on  page  27,  rapid 
erosion  is  not  conducive  to  the  abundant  segregation  of  chert.  There- 
fore the  lower,  or  Proc^tor,  limestone,  being  rarely  seen  in  the  central 
area  except  in  bluffs,  appears  to  be  characterized  here  by  having 
much  less  chert  than  the  upper  division,  which  more  commonly  occu- 
pies upland  ridges.  In  areas  where  the  valleys  are  occupied  by  the 
Bonneterre  limestone  and  the  hills  l)y  rocks  equivalent  in  age  to  the 
Proctor  limestone,  as  in  St.  Francois  and  Madison  counties,  chert  is 
extremely  abundant  in  the  lower  as  in  the  higher  parts  of  the  forma- 
tion. It  appears,  therefore,  that  local  superficial  conditions  are  re- 
sponsible for  much  of  the  unequal  distribution  of  the  chert. 

Lamellar  chert  with  drusy  cavities  occurs  very  abundantly  in  the 
lower  and  middle  parts  of  the  formation,  but  is  comparatively  rare 
in  the  up^Der  beds.  A  highly  characteristic  form  of  cheit,  consisting 
of  irregular  rough  stems,  one-half  inch,  ot  ^i  \jv  ^Ya.\afeK«t.^\^>xwS.. 


ra' 
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together  by  ftiiiistoitiOHis  into  iiiasstw  a  foot  or  more  in  l<.>ng;tb.  was 
observed  at  many  lot^alities.    It  w^cnrs  commonly  enoufrli  Iicneath  the 
horizon  of  the  (junter  sandstone,  but  i^  es[)ecially  abundant  in  the  first 
I     BO  feet  alM>ve  that  bed. 

\  The  clierts  of  the  upper  division  enibra«t>  two  common  varieties 
j  that  are  believed  to  characterize  this  homon  over  a  lar^e  pail  of  the 
!  Ozark  area.  They  an;  both  laminar  variotien,  and  possibly  of  orgauit; 
I  origin.  One  is  a  ''''('rffptozeiim,'"  differinff  fi-oui  the  C  miniutKotfHiiiK, 
.    which  is  characiei-istic  of  the  Jefferson  City  liinostone  in  its  looser 

I  and  more  irreniildt  nt.ructure.  The  otliei-  is  a  very  raiirw^ly  vesiwulnr 
form,  occun-ing  in  inauseH  2  or  ;i  feet  thick  and  nmkiug  up  whole 
I  layers  of  that  thieliuejw.  When  followed  niNi  Ilie  Iwiik  tliesi'  layei-s 
I  gradnally  pass  into  solid  limestone,  but  even  in  these  a  siniihir  hori- 
I  Eontal  lamination  of  the  mass  is  oliservuble.  Tlie  lamina-  are  ilivideil 
I  at  intervals  of  alwut  2  inches  into  convex,  minutely  rellidar  plates, 
!  arranged  one  above  the  other  so  as  to  leave  oix'ii  spaces  about  e<pnil 
►  to  the  thickness  of  the  plates  between  them.  This  tyjK!  occurs  princi- 
[  pally  toward  the  top  of  the  fommtioii  and  is  a  n-liable  guide  to  one 
)  of  the  moBt  prolific  fossil  horizons  of  the  whole  series.  Thin  con- 
glonieratie  layers,  containing  small  chert  pi-libhw  and  fi-agments  ot 
Mlieified  and  oft«n  sandy  oolite,  both  commonly  fossiliferous,  o*Tur 
I   with  and  above  thiit  coarsely  vesicnlar  tyiK>  of  chert. 

Fossils  occur  more  or  less  sparingly  through  all  parts  of  the  forma- 
liori,  but  HIV  gi'uenilly  distributed  and  of  larger  siy.e  in  the  itpiK'r 
iteds.  They  consist  chiefly  of  low-sjiii-ed  and  ventricose  species  of 
(iasteropoda.  Assoeiiited  with  these  are  many  fragments  of  trilobites, 
having  nnniistaknble  affinities  with  well-known  Upper  Cambrian 
species.  Toward  the  liase  of  the  formation  the  f()ssils  are  sometimes 
abundant,  but  the  species  seen  iire  not  numeixins,  and,  being  small, 
aiv  easily  ovei'looked. 

In  thickness  this  formation  varies  considerably  from  phicv  to  place. 
The  greater  amonnt  of  this  viiriability  seems  to  oceiii-  in  (he  iipiK-r 
meuilter,  wliicli  was  hiid  down  uinlor  less  uniform  conditions  tlian 
the  lower.  LtM'idly,  in  St.  Fniiicois  and  Ma<lison  counties,  the  lower 
ntenilier  also  is  thinner  than  usual,  the  variation  in  this  case  ap|x^ar- 
iiig  to  1m'  due  lo  overlap  and  consequent  absence  of  the  biisjil  l)eds. 
The  average  thickness,  doubtless,  is  at  least  r.OO  feet  for  the  whole 
fonnatioii.  while  the  maximnni  thickness  probably  exceeds  (150  feet. 

Concerning  the  relations  of  the  (iasconade  limestone  to  adjacent 
I'oriiiiilious,  it  may  be  said  that  the  basal  contact  is  Itelieved  to  be 
rather  generally  unconformable.  It  is  certainly  so  locally,  as  is  shown 
by  the  occurrence  of  certain  fossiliferous  bands,  local  evidence  of  over- 
lap, and  a  comparison  of  l!ie  ba^^iil  bods  in  different  sections.  How- 
ever, on  acconnt  of  llie  abundiiut  wash  from  overlying  beds,  exposures 
showing  the  contact  in  a  satisfactory  manner  are  very  rare.     In  Cam- 
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den  County,  where  the  base  is  shown  in  the  vicinity  of  the  pegmatite 
dike,  a  massive  white  sandstone,  20  to  30  feet  thick,  intervenes  l>etween 
the  Bonneterre  limestone  and  the  cherty  limestone  of  the  (lascjonade. 
This  sandstone  is  probably  to.l)e  regarded  as  the  initial  deposit  of  the 
Gasconade  or  possibly  as  in  part  representing  the  Elvins  formation. 
The  top  of  the  formation  is  less  sharply  defined;  indeed,  it  is  often 
difficult  to  draw  the  line  between  it  and  the  Koubidoux.  Tliere  is  no 
im|)ortant  unconformity  between  the  two,  the  shallowing  of  the  seas, 
which  continued  throughout  and  attained  its  culminati(m  in  the 
Koubidoux,  having  also  prevailed  in  a  less  but  increasing  degree 
during  Gasconade  time. 


ROIJBIDOUX    I-'ORMATION. 


This  interesting  formation  is  extremely  variable  in  its  lithologic 
characters.  It  is,  as  described  bv  liall  and  Smith,"  who  (;alled  it  the 
St.  Elizabeth  formation,  "  a  complex  consisting  of  beds  of  sandstone, 
chert,  quartzite,  dolomite,  and  shale,  all  of  very  uncertain  thickness 
and  areal  extent."  Locally,  as  south  of  the  Osage  River  in  Miller 
and  adjoining  counties,  one  of  the  sandstones  is  sufficiently  persistent 
and  well  developed  to  warrant  mapping  it  as  a  distinct  member.  In 
Miller  County  this  member  has  been  distinguished  under  the  name 
Bolin  Creek  sandstone. 

The  dolomites  of  this  formation  are  prevailingly  tliin  bedded,  fine 
grained,  dense,  and  hard.  In  texture  and  ecmchoidal  fracture  they 
simulate  chert.  Jieds  of  "'  cotton  rock,''  an  argillaceous,  compact,  fine- 
grained and  comparatively  soft  dolomite,  are  not  unconnnon.  This 
variety  of  rock  is  nearly  always  thinly  bedded,  of  a  light-yellowish  or 
buff  color,  and  generally  exhibits  dendritic  markings  on  the  bedding 
planes.  Thin  layers  of  shale  are  often  associated  or  interbedded  with 
it.  Although  beds  of  coarse-  or  medium-grained  dolomite  are  occa- 
sionally found  in  this  formation,  it  will  be  noted  that,  on  the  whole, 
the  dolomites  are  conspicuously  different  from  those  constituting  the 
bulk  of  the  Gasconade  f()rmation. 

Chert  is  found  in  greater  abundance  in  the  calcareous  portions  of 
this  formation  than  in  any  other  of  this  great  series  of  dolomitic  lime- 
stones. It  occurs  in  various  forms,  the  breccia  ted,  (conglomeratic, 
and  cellulose  or  '"  honeycombed  ''  varieties  being  the  most  common. 
Certain  varieties  found  in  the  underlying  and  overlying  formations, 
particularly  those  containing  drusy  cavities,  are  notably  absent. 

Perhaps  the  most  marked  and  widely  distributed  type  oc!Curs  at  or 
near  the  base  of  the  formation.  Because  of  its  position  it  aids  ma- 
terially in  locating  the  boundary  between  the  -Roubidoux  and  the 
Gasconade.     This  chert  is  of  dense  structure  and  brittle  and  ranges 

*  Geology  of  Miller  County  :  Missouri  Bureau  of  Geology  and  Mines,  2d  *«t,,N<3^V\^V^'^*^^ 
p.  50. 
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ill  I'olw  fniiii  nrwrlv  whitf  lo  dark  gi-ay  or  even  black.  It  is  always 
brccciatiKi  ami  splintpreil,  nud  tlii?  uiigular  fraginpiits,  having  tieen 
mil)Heqii<^ntly  rocomonted  by  quartz  or  liinnniUv  now  form  liirgu 
ruggpd  marrfifts  and  ofti-ri  tliitrk  t>eds.  This  bed  has  Wen  okserveil  In 
Milli'r.  C'aiiidtMi,  Khunnon,  Franklin,  and  Ste.  (Jeiieviuvc  cninties. 

Another  variety  that  is  locally  of  service  in  recognising  the  upper 
part  of  the  furtiiulton  is  distingiiiHhed  by  its  celhilnr  i-hararler. 
Similarly  honeymnibed  chert,  however,  has  Ijwn  observed  in  the 
Gasconaik'  formation  in  Shannon  County,  ao  that  it  is  not  strictly 
characterislii:  of  tlie  Rniihidonx.  The  wmglomeratie  variety,  which 
is  largely  made  up  of  small,  rounded,  and  often  lentinilar  |>ebl>l(«  of 
chert,  and  commonly  with  admixtures  of  <]nartz  and  oolite  grains, 
likewise  occurs  in  the  up|MT  part  of  (he  underlying  formBtion.  This 
was  found  to  lie  the  cuse  moi-e  eKj)ecially  in  Shannon  County. 

The  beds  of  sandstone  found  in  this  formation  are  its  most  variable 
part.  SonietiineM,  particiihirly  in  the  region  west  of  St«.  Oeiievieve, 
where  thei-e  are  many  such,  the  individual  lietls  range  in  thickness 
from  a  few  inche-s  to  over  30  feet.  They  vary  greatly  also  in  size  of 
grain,  color,  and  other  features,  but  in  the.se  re-siKftH  afford  no  ineHn^ 
for  distinguishing  tlieiii  from  the  occasional  IkkIs  occurring  in  the 
Gasconade  formation.  Nevertheless,  they  wry  commonly  exhibit 
certain  featiire-s,  sueli  an  thin  am!  distin«t  bedding,  ripple-marked  and 
sun-crarked  Kurfaces,  and  occasionally  fticoidal  markinpM,  that  to- 
ii.-llier  r.-linl.ly  indlciile  this  hoi'izoii.  Aiu.lher  jH'culiiirity  tluit  was 
noted  in  iiiany  places  is  ihe  ]iresemre,  often  in  great  number,  of  light- 
.oloiT,!.  iliidiiicil,  ii|t[mreiilly  argillaceous  pebbles,  or  of  lenticular 
splices  resulting  from  their  disiulegnilion  Hiid  removal. 

Fossil  rcmiiiiis  are  not  unctmunoii  in  most  of  the  cherts  and  in  some 
of  (lie  saTidstdiit's  of  thi.s  formation.  They  are,  however,  but  rarely 
in  u  giiDil  sliiti-  of  pjvservation.  the  m<ist  of  them  having  Ixvn  macer- 
ated iM'foie  iH'ing  coveivd  liy  de[H>sits,  while  all  have  siitfeiwl  from 
siihsciineiil  cliaiiges  in  the  rocks.  The  sfxHries  consist  mainly  of  gas- 
teiiipoils.  In  most  ca.ses  tliey  are  closely  ivlated  to,  if  not  the  same  as, 
Ihosi'  foiiiul  in  a  more  favorable  condition  in  the  upper  part  of  the 
uiiilci'lying  formation.  A  neat  nndescribed  form  of  IleUro/nriui,  char- 
:iiteiizeil  liy  revolving  lows  of  small  nodes  on  the  upper  an<l  lower 
sides  iif  ilii'  volutions,  appears  for  the  fii'st  time  in  this  formation  and 

There  is  in  stmie  places  evidence  of  unconformity,  and  hence  of  iin 
erosion  interval,  at  the  conlaet  iH-lwecn  this  and  the  underlying  Gas- 
conade foiiiiiitioii.  but  the  fact  is  of  less  importance  than  usual.  As 
stale<l  on  page  :il.  the  shallowing  of  the  seas  with  its  attending  phe- 
nomena had  already  begun  in  tlie  preceding  age,  and  merely  attained 
ils  full  and  alniost  continuons  expression  in  the  Roiihidoux.  As  the 
botlvin  of  the  sea  could  nut  have  been  perfectly  flat,  it  is  obvious  that 
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phenomena  indicating  periodic  shoaling  and  local  elevation  above 
sea  level  must  be  correspondingly  local  in  their  extent.  The  Roubi- 
doux  stands  for  a  condition  rather  than  a  time  period,  and  as  this 
condition  must  have  l)een  fullv  established  in  some  localities  a  little 
earlier  than  it  was  in  others,  the  lower  boundary  can  not  l>e  every- 
where drawn  at  precisely  the  same  point.  The  case  is  similar  with 
respect  to  the  upj^er  limits  of  the  formation,  except  that  here  the 
phenomena  took  place  in  reverse  order.  Despite  these  facts,  it  is 
believed  that  the  whole  ai*ea  under  discnission  was  so  nearl}^  level 
through  the  greater  part  of  Potosi  time,  jind  especially  during  this 
j)ortion  of  it,  that  the  Roubidoux  may  be  defined  and  mapi>ed  so  that 
it  will  represent  an  interval  l)ounded  both  above  and  beneath  as 
accurately  as  it  is  practicable  to  measure  geologic  time. 

Considering  the  conditions  under  which  this  formation  was  depos- 
ited, it  is  to  be  exi)ected  that  it  would  vary  cH)nsiderably  in  thickness 
from  plac*e  to  place,  l^he  minimum  thickness,  as  reported  by  Ball 
and  Smith  (op.  cit.,  p.  52),  occurs  near  Iberia,  where  it  is  said  to 
be  only  70  feet  thick.  In  Miller  County  the  thickness  ranges  from 
70  to  1()0  feet.  However,  the  average  thickness  for  this  county,  as 
well  as  for  nearly  the  whole  of  the  central  part  of  the  Ozark  area,  is 
between  100  and  125  feet.  In  local  basins  along  the  border  of  the 
area,  as  in  the  region  l)etween  Ste.  Genevieve  and  the  Jonca  granite 
hills,  the  thickness  of  the  beds  referred  to  the  formation  probably 
exceeds  225  feet. 

Concerning  the  name  of  the  formation,  there  seems  to  us  to  be  no 
chance  for  reasonable  doubt  that  Nason's  Roubidoux,  as  based  on  his 
sections  along  the  Osage  and  Current  rivers,  is  essentially,  if  not 
exactly,  the  same  as  the  St.  Elizabeth  formation  of  Ball  and  Smith. 
The  only  reason  for  doubting  their  equivalence  is  Nason's  erroneous 
suggestion,  subsequently  adopted  by  Winslow,  that  the  Roubidoux 
is  represented  in  the  counties  along  the  Mississippi  by  the  St.  Peter 
("Crystal  City'')  sandstone.  Other  synonyms  are  indicated  in  the 
table  on  page  12. 

JKFFEBSON    CITY    LIMESTONE. 

This  formation  consists  principally  of  various  kinds  of  dolomitic 
limestone.  Interbedded  with  these  are  a  few  thin  beds  of  sandstone, 
occurring  chiefly  in  the  lower  part,  thin  beds  of  shale,  and  even 
thinner  layers  of  chert.  Nodules  of  ccmcentrically  banded,  dense 
chert,  most  of  them  conforming  with  the  doubtful  organism  known 
as  Cryptozoon  minnesotense^  occur  usually  in  considerable  abundance 
in  the  residual  clays.  These  nodules,  which  often  contain  dnisy  cavi- 
ties lined  with  small  quartz  crystals,  are  characteristic  of  the  forma- 
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lion.  The  t<»in>{rrni)hy  of  Ki-eas  in  which  the  Jefferson  City  liui*»ton« 
I'lik-rops  is  alwMVs  Ip»k  niggeil  than  thht  of  urens  in  which  the  twg 
formations  next  beneath  are  exposed.  Not  iint-oinmonly  the  iindtila- 
tions  of  the  siirfaw  aw  geiitle  eiiongh  in  the:*e  areas  to  jiisti^  cluflidng 
them  as  prairie  lands. 

The  majority  of  the  .It'fferson  Cily  limestones  belong  to  two  varies 
ties,  namely.  "  cotton  rock  "  Jind  niediiim-gruincd.  ma.<isive  duloniitv-. 
The  cotton  rock  is  an  argillat'eoiis,  siliceous  rock,  usually  ooutaining 
over  40  per  cent  of  magnesia,  It  is  relatively  '-oft,  with  a  fine- 
grained, earthy  or  clayey  texture  and  coucbuidul  fracture.  In  color 
it  varies  from  white  or  yellow  to  buff  and  gray.  It  is  nearly  alwuys 
thinly  bedded,  with  the  IwUling  planes  even  and  often  oxlxibitin^ 
dendritic  markings.  Tliiii  shaly  partings  are  common.  This  variety 
of  stone  occurs  locally  and  in  limite<l  qtinutity  also  in  the  Iioiil>i«lonx 
formation,  but  the  much  greater  development  of  cotton  rock  in  the 
Jefferson  City  limestone  nflWds  pnibably  the  ivadiest  of  the  criteria 
employed  in  distinguishing  the  two  formationH.  The  IxhIs  of  n>tton 
rock  range  in  thickness  from  less  than  a  foot  to  over  30  feet,  Htid 
»l»ey  may  occur  at  any  horiswrn  in  the  foniiation, 

On  woatheiing,  the  surface  of  the  massive  dolomite  usKumes  a 
peculiarly  pitted  or  hackly  surface  that  is  **[ifliciently  charactpri.stic 
to  be  distinguished  Uvm  that  of  the  "  pittw! "  dolomites  found  in 
lower  members  of  the  gcotip. 

Chert  mriir'i  less  iibirndiintly  in  the  Jefferson  City  liTue-^tonc  than 
in  the  preceding  fornuitions  of  the  Potosi  gniup.  Occasionally  Ix'ds 
of  brecciulwl  clicrt  occur  in  association  with  silicified  oolites  and 
sandstone.  Iiul  these  seem  to  Ik-  confined  to  tlie  lower  100  feet.  The 
Ste.  (ienevicve  copper  deposits  occur  in  such  a  \wd.  The  coriinioriest 
and  at  the  same  tiiue  the  most  characteristic  fonn  of  chert  found  in 
the  fonnation  is  the  "■  Cryptosomi  minnesotoine'''  variety  already 
mentioned. 

A  numlior  of  genenilly  \*.'vy  thin  and  irregnJai-ly  distril»uted  beds 
of  sandstone,  occurring  chiefly  in  the  lower  100  feet,  aiv  included  in 
this  formation.  Ilie  fhiekness  of  the  heaviest  of  these  Ix-ds  rarely 
exceeds  .5  feet,  the  others  ranging  ilown  to  1  inch.  Often  they  contain 
enough  calciireons  matter  to  l)o  called  arenaceous  limestones.  Most 
of  them  iiTT  inediiun  grained  and  friable,  but  here  and  tJicre  one  may 
iie  found  tliat  has  been  silicified  into  a  hard  iiuiirtzite.  The  color  is 
usually  II  red<Hsh  l.n.wii.  but  yellow  and  white  beds  arc  not  nncoiTi- 
nion.     Locally  some  of  tlie  heavier  beds  contain  pebbles  of  chert  and 

The  Jeffi'ison  City  limestone  is  the  surfan'  rock  ovir  a  large  por- 
tion of  Ihe  two  marginid  ninges  of  counties  embi'mrd  in  whole  or  in 
pari  wiiliiii  the  Ozai'k  ai-ca.  .Vloiig  the  western  ami  sontbwestern 
bonier^  of  llic  area  and  in  most  of  the  outlier^,  in  these  parts  of  the 
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State,  the  Jefferson  City  limestone  is  the  youngest  of  the  formations  of 
the  Ozark  series  remaining,  the  others  having  been  removed  prior  to 
the  deposition  of  the  Devonian  and  Carboniferous  rocks,  which  usually 
rest  unconformably  on  the  older  series.  The  St.  Peter  or  First  sand- 
stone, and  the  Joachim  or  First  Magnesian  limestone,  so  far  as  our 
observation  extends,  are  wanting  in  every  case  where  either  the  Chat- 
tanooga shale  or  one  of  the  basal  members  of  the  Boone  formation  is 
in  contact  with  the  Ozark  series.  The  First  sandstone  has  been  seen 
only  in  sections  containing  some  later  representative  of  the  Ordovi- 
cian,  while  the  Joachim  outcrops  only  along  the  eastern  border  of  the 
area,  where  the  Plattin  limestone  of  the  Stones  River  grouj)  is  present. 
Both  the  First  sandstone  and  the  First  limestone  of  the  series  have 
been  heretofore  widely  identified  in  the  central  and  western  parts  of 
the  Ozark  area,  but  the  beds  so  correlated  belong  in  every  case  exam- 
ined to  the  Jefferson  City  limestone. 

The  upper  beds  being  absent  in  the  areas  where  the  Jefferson  City 
limestone  is  at  the  top  of  the  series,  the  total  original  thickness  of 
the  formation  in  such  localities  can  not  now  be  determined.  Where 
it  IS  overlain  bythe  St.  Peter  sandstone,  as  it  is  along  the  eastern  and 
northeastern  portions  of  the  border  of  the  Ozark  area,  the  maximum 
thickness  of  the  formation  probably  exceeds  250  feet. 

-As  has  lieen  said  in  the  remarks  on  the  Roubidoux  formation,  the 
conditions  of  shallow  waters  and  frequent  fluctuations  of  sea  level 
that  prevailed  so  constantly  during  the  deposition  of  that  variable 
series  of  beds  gradually  gave  way  to  the  gentle  subsidence  that  ob- 
tained in  this  age.  Shallows  still  prevailed  in  the  earlier  portion 
of  the  age,  and  it  is  in  strata  then  laid  down  that  a  considerable  and 
mostly  characteristic  fauna  is  to  be  found.  In  the  middle  and 
upper  parts  of  the  formation,  however,  fossils  are  either  very  rare 
or  wanting  entirely.  This  fact  is  believed  to  indicate  that  subsidence 
had  progressed  to  such  an  extent  that  the  shallow-water  organisms 
of  the  time  became  locally  extinct. 

At  the  close  of  the  epoch  the  area  was  again  elevated  and,  in  places 
at  least,  sufficiently  emerged  to  be  subjected  to  erosion.  The  con- 
tact with  the  St.  Peter  sandstone  in  such  localities  is  distinctly 
unconformable. 

ST.  PETER   (^'crystal  CITY  ")   SANDSTONE. 

This  is  the  well-known  true  "  Saccharoidal  "sandstone.  It  out- 
crops in  fine  typical  exposures  at  Crystal  City  and  Pacific,  at  which 
places  it  is  being  worked  for  glass  sand,  and  at  numerous  localities 
in  Ste.  Genevieve,  Perry,  and  Cape  Girardeau  counties.  The  for- 
mation has  been  so  often  and  so  well  described  that  it  is  unnecessary 
to  give  any  further  description  here.  It  may  be  worth  while,  how- 
ever, to  say  that  in  the  opinion  of  the  writets  \\\fc  Cxtj^Xs^C^^  ^^^<s&r^ 
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ami  Cap-au-(ires  sandstones  nre  imqueHt  ion  ably  tlie  siuiie  fiirnialiim 
as  the  St.  Peter  sandstone  of  the  iipjKT  MiMsissippi  Valley. 

Remarks  concerning  the  distribution  of  this  sandstone  in  Missouri 
will  be  found  on  page  19. 

.lOACnlM    UMEarONE. 

This  fornintioii  rest.s  conforuiably  on  the  St.  Peter  sandstone.  The 
contact  lietweeu  thw  sandstone  ami  the  limestone  seems,  as  a  rule, 
not  to  lie  shKrp,  a  ceHiiin  amount  of  {rmdntion  occurring  in  all 
cases  observed.  Above  thesf?  basal  Iwds  the  formation  usually  «in- 
sists  of  yellow  and  buff  to  light -j^ray.  thinly  bedded  magneaian 
limestone,  altf-niatintr  with  beds  of  compact,  brittle  limestone, 
tjocnlly  thin  IkkIs  of  sandstone,  rarely  quartzose,  are  intcrl»edded 
with  the  limestones.  Fossils  have  not  l)een  observed,  except  in  m 
single  bed  occurring  about  (10  or  70  feet  alwvi!  the  base.  This  is 
sometimes  filled  with  a  s|>ecies  of  iKurhilimt  about  one-fourth  of  an 
inch  in  kingth.  Surfaces  unilerlain  by  this  formation  are  commonly 
markeil  by  large  and  dee])  wink  holes. 

In  thickness  the  -Toaejiini  limestone  varies  gre«tly.  This  results 
from  erosion  In  wbic -b  ihe  foiinalion  was  snhjected  prior  to  the  depo- 
sition of  till'  suirciihrig  ( tidnvician  limestones.  Except  in  the  conn- 
■  ties  bordering  on  llie  Mississippi  River  it  is  absent  entirely.  Where 
it  was  not  wholly  n>moved  the  formation  ranges  in  thickness  fmm  a 
few  feet  to  the  nuixiiiuun  of  ISO  feet  reported  by  Shumard. 

The  Hiiconfonnity  at  the  toji  is  often  very  conspicuous.  It  is  well 
shown  in  a  long  and  deep  cut  on  the  Illinois  Southern  Railroad, 
ulwut  (1  miles  southwest  of  Ste.  Genevieve.  Here  an  abrniitly  defined 
solution  channel,  having  a  depth  of  about  12  feet,  is  filled  with  brown 
and  given  shales,  constituting  the  basal  deposit  of  the  overlying 
Plattin  limestone. 

THE  Oim  DKPOSITS. 
THE  STE.  GENEVIEVE  MINES. 

Ilixtorij. — The  Ste.  (lenevieve  copper  deposits  have  been  descrilx^d 
by  Frank  Ij.  Xichotson."  According  to  him  they  were  first  noted 
in  lK(i3,  though  the  presence  of  copper  in  small  amounts  seems  to 
have  l>een  rt-cognized  earlier  at  the  Crow  lead  mines.  Exploration 
I)egan  as  early  as  IHtiS,  the  original  discovery  being  followed  by  the 
oj)ening  in  18T(i  of  the  Chicago  and  Swan.sea  mines  and  in  1870  of  the 
Herzog.  At  the  tinu-  of  Nicbols(ms  des<Tiption  the  two  last  nanuKi 
wen-  idle,  while  llie  originally  discovered  mine  and  the  Chicago 
weiv  lieing  oi)erato(l  under  the  name  of  Cornwall  mines.  At  present 
none  of  the  properties  are  working. 
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There  are  no  data  available  for  a  complete  estimate  of  the  pro- 
duction, but  in  the  Tenth  Census  «  these  mines  are  credited  with  an 
output  for  the  census  year  of  280,717  pounds,  valued  at  $25,730.  As 
they  were  operated  more  or  less  actively  for  nearly  a  quarter  of  a 
century  their  aggregate  production  presumably  has  been  considerable. 

Geology, — The  copper  mines  are  situated  about  8  miles  southwest 
of  the  town  of  Ste.  Genevieve,  in  sections  15,  16,  21,  and  22  of  T.  37 
N.,  R.  8  W.,  along  a  small  stream  tributary  to  the  Aux  Vases  River. 
The  ore  occurs  principally  at  two  horizons  125  feet  apart,  in  the  lower 
part  of  the  Jeflferson  City  limestone.  The  workings  along  the  main 
horizon  are  shown  in  the  photograph  forming  PI.  I.  The  country 
rock  is  a  coarse  magnesian  limestone  with  numerous  flint  nodules. 
These  are  ordinarily  from  2  to  4  inches  in  diameter,  and  are  arranged 
in  horizontal  bands  along  bedding  planes.  They  are  the  clear  white 
to  blue  flints,  such  as  are  common  in  the  Mississippi  Valley,  and  do 
not  show  the  druses  which  characterize  the  flints  of  the  Gasconade 
formation.  Certain  thin  and  irregular  sandstones  are  interbedded 
with  the  limestone.  A  very  hard,  quartzose  bed,  about  2  feet  thick, 
occurs  15  to  20  feet  beneath  the  main  ore  lx)dy  at  the  Cornwall  mines. 

Faulting  of  some  magnitude  occurs  in  the  region,  and  there  is 
some  evidenc*e  of  faulting  near,  but  not  at  the  mines.  The  beds  are 
practically  horizontal,  though  there  is  a  slight  dip  toward  the  north- 
east. In  the  general  region  there  are  outcrops  of  underlying  pre- 
Cambrian  crystalline  rocks,  though  none  of  these  are  known  at  the 
mines.  No  other  igneous  rocks  are  found  in  the  area.  Topograph- 
ically the  region  is  a  dissected  plateau  of  some  roughness. 

Ore  bodies. — At  the  Cornwall  mines  the  ore  occurs,  as  stated,  at 
two  horizons,  of  which  the  upper  has  been  mainly  worked.  A  third 
horizon  still  higher  in  the  hill  and,  so  far  as  known,  not  economically 
important,  is  reported  by  Dr.  E.  D.  Peters.  Both  horizons  worked 
are  above  local  water  level.  Workings  in  the  lower  l)ed  are  mainly 
closed  and  the  upper  only  was  especially  investigated.  The  workings 
extend  along  the  edge  of  a  horizontal  bedded  breccia  completely 
around  the  head  of  the  small  valley  in  which  the  furnace  is  located. 
Drifts  have  been  run  into  the  hill  at  intervals,  and  room-and-pillar 
workings  opened — nnich  like  those  of  a  coal  mine.  No  map  of  the 
workings  is  available  for  reproduction;  but  there  are  a  good  many 
hundred  feet  of  drifts  now  open,  and  a  numl)er  of  excellent  faces  of 
ore  may  be  seen. 

The  ore  bed  is  from  18  inches  to  3  feet  thick  in  most  parts  of  the 
mine.  It  seems  to  be  thickest  at  the  interst»ction  of  the  breccia  and 
certain  small  vertical  fractures,  along  which  chimneys  of  ore  are 
formed,  extending  upward  as  much  as  16  feet  above  the  usual  base.' 

a  Tenth  CeDHiis,  vol.  15,  p.  708. 
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The  ore  also  goes  down  at  such  interfwctions.  but  seemingly  not  to  any 
important  extent.  It  consists  now  of  a.  bret-cia  of  white  fiint,  ceineiitwf 
mainly  by  chalcopyrite.  but  with  miilachite,  H/.iiriti;.  linionite,  and  c»l- 

I  cite  pre^ieDt.  Gallia  la  reported  to  occur  oceasionally  in  small  druws, 
but  was  not  seen.     Cuprite,  chaUxx-it*',  tenorite,  etc..  occur  in  sul>- 

.    ordinate  amoimtM.     Tlie  mp  rock  and  the  floor  of  the  workings  con- 

I    sist  of  ordinnry  magnesinn  limestone. 

An  examination  of  the  fresiiest  specimens  of  tlie  ore  brings  out 

I  the  following  details:  The  chalcopyrite,  now  very  finely  brecciated 
and  in  part  cemented  by  "  brown  copper."  is  itself  the  matrix  for 
fragments  of  white  chert.  This  chert  exists  now  in  two  forms.  (1)  a 
clear,  fresh,  nhnast  glassy  material,  similar  to  the  nsual  chert  of  the 
surrounding  country,  and   (2)   an  earthy  granular  material  known 

I  to  the  miners  a.s  "  chalk."  A  microscopic  examination  of  the  latter 
by  Mr.  Lindgren  shows  that  it  in  composed  mainly  of  finely  divided 
quartz,  with  some  wrieite.  This  ci>nfirms  the  impression,  based  on 
macroscopic  examination,  that  it  represents  an  alteration  form  of 
ordinary  chert  in  which  a  portion  of  the  Milica  has  been  remo\'ed  by 
solution.     Pari  passu  with  this  change  has  occurred  the  substitution 

I  of  copper  carbonate,  and  even  in  a  single  liand  specimen  all  stages  of 
the  process  can  be  observed,  from  the  introduction  of  malachite  along 

I  the  cracks  and  the  clouding  of  the  clear  chert  to  the  complete  substi- 
tution of  the  bright-green  mineral  for  the  sharp-angled  white  frag- 
ments. At  the  same  time  the  brassy  yellow  chalcopyrite  has  been 
finely  broken  up  and  altered  to  the  somewhat  indefinite  mixture 
known  as  "  brown  copjier."  It  would  seem,  therefore,  that  the  for- 
mation of  malachite  and  other  oxidation  products  marks  a  recent 
change,  characterized  by  a  tendency  toward  i-eplacement  of  the  silica. 
The  introduction  of  the  sulphides  was  evidently  earlier  and  appar- 
ently the  work  of  waters  having  other  sources,  since  they  were  of 
such  composition  us  to  leave  the  chert  unattacked  even  in  small  sharp- 
angled  fragments.  Presumably  these  sulphides  replaced  the  dolo- 
mite in  which  the  chert  was  originally  liedded  or  were  deposited  in 
the  interstices  of  the  biiH'cin,  but  as  to  this  and  the  origin  of  the  chert 
itself  tlicrc  aie  at  ]>resent  no  certain  data. 

In  the  h)wer  horizon  the  Reveiv  tunnel,  now  partly  closed,  shows 
copjx'r  pyrites  disseniiiiiited  through  a  l)ed  of  coarse  granular  dolo- 
niile.  Theiv  d»K»s  not  seem  to  be  here  any  chert  breccia,  though  the 
ore  a|)iM'!us  to  Ix'  l>edded.  So  small  ii  portion  of  the  work  is  open, 
however,  tliiil  no  veiy  certain  tsnichisions  can  be  drawn.  The  be<l  is 
said  to  lie  ricli.  but  of  small  extent. 

V<il<H-  of  till-  ilfjmnitK. — No  attempt  was  made  to  sample  the  mine. 
t'onsidcrable  ore  is  said  to  have  Ikhmi  shipped,  running  20  to  27  per 
cent  in  cupper,  and  the  old  dump  is  estimated  to  contain  ■'>  per  cent  of 
iiti-lni.     A  ]l>  pvf  cent  grade  is  said  to  huvc  been  c<iinmoidy  produced. 
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These  claims,  in  the  light  of  the  appearance  of  the  ore  in  the  mine, 
do  not  seem  extravagant.  Faces  of  workable  ore  are  certainly  now 
open. 

Drilling  by  Mr.  Doak,  a  former  owner,  is  reported  to  have  shown 
three  additional  copper  horizons  at  lower  depths,  and  also  to  have 
shown  something  as  to  the  extent  of  the  ore  l)ody  into  the  hill.  The 
records  of  this  drilling  are  not  at  hand.  Dr.  E.  D.  Peters  states 
that  8  to  10  chiirn-drill  holes  put  down  under  his  direction  several 
hundred  feet  apart  and  covering  an  area  extending  1,800  fec>t  east- 
ward from  the  present  workings  all  showed  copper  at  the  horizon  of 
the  main  chert  breccia.  In  the  case  of  flat-lying,  bedded  deposits 
near  the  surface  drilling  is  a  very  effective  and  cheap  method  of 
proving  the  extent  of  an  ore  body.  The  method  is  especially  well 
suited  to  these  deposits. 

At  the  time  the  mine  was  working  no  railway  was  near  enough 
to  be  of  service,  and  all  freight  had  to  be  hauled  by  wagon  approxi- 
mately 10  miles  from  the  steamboat  landing  above  Ste.  Genevieve. 
Recently  the  Illinois  Southern  Railway  has  been  built  within  2^ 
miles  of  the  mine.  This  line  affords  a  direct  and  short  route  to  the 
Illinois  coal  fields  and  materially  affects  the  working  conditions. 
It  is  quite  probable  that  well-considered  effort  would  result  in  a  small, 
but  profitable,  co})per  industry. 

MINE  LA  MOTTE. 

This  famous  prot)erty  includes  some  of  the  oldest  minas  in  the 
United  States,  and  up  to  1898  Mr.  Winslow  estimates  that  it  had 
produced  approximately  $10,000,000  worth  of  lead  alone.  In  addi- 
tion, copper,  nickel,  and  cobalt  occur  and  have  l)een  sold  in  quantity. 
At  present  the  old  copper  mines  are  being  reopened  and  other  changes 
made  in  the  operation  of  the  property.  In  1904  approximately  55 
tons  of  metallic  copper  were  produced  in  matte  and  ore.  It  is  ex- 
pected that  in  the  future  this  product  will  be  larger. 

No  extensive  study  of  thesi*  mines  was  made  in  the  course  of  the 
pre^sent  investigation  and  no  general  account  of  the  property  will  be 
given.  The  mines  were  visited,  however,  and  the  following  notes  are 
given  for  the  sake  of  their  l)earing  on  the  general  problem  of  copper 
in  this  area.  The  history  of  the  mines  has  IxHjn  so  completely  sum- 
marized bv  Mr.  Winslow  "  that  it  is  not  necessary  to  discuss  it. 

The  mines  are  located  in  Madison  County,  east  of  the  main  St. 
Francis  Mountains,  and  among  some  outlying  knobs  of  granite  and 
porphyry.  The  ore  l)odies  are  typical  disseminated  de|X)sits  originat- 
ing by  metasomatic  replacement  of  the  dolomite.  They  occur  near 
the  base  of  the  Bonneterre  limestone  and  principally  in  or  near  certain 

"Winslow.   Arlliiir,   Load  and  zinc  dopositR :  MisMoiiri   (leol.  i«.vvvN^^,  nvA.  v\,  V^^^\,  vv- 
2fi7-:U)2  :  vol,  7.    l.SJ>4.  pj».  (;4(]-Gr»i). 
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shaly   beds   in   wliicli    Li'iii/nlr/lti   nml   otlmr   forms   iwciir.     Copper 
I   pyrites  with  sulphiilew  of  n'wkel  and  i-ohalt  aiv  found  nmntantly  in 
connpction  with  the  lead  and  are  oiaiiily  wparated  at  the  di-essiiig 
!   works. 

I       In  the  Mouthwestern  pait  of  the  estate  is  a  property  long  known 

I   as  the  "  C«pper  mine  "  and  now  ix^ing  reoj>em>d  by  the  Mine  I^a  Motte 

I   Development  Company,  a  corporation  holding  a  lease  from  the  inuin 

La  Motte  company.     The  copper  mine  is  located  on  the  flank  of  a 

small  porphyry  hill  imd  the  ore  tx-curs  in  the  Bomieterre  limestono 

near  its  bn»e.     The  dolomite  i^  dark  col{ii'e<l,  shaly,  and  includes 

small   porphyry   pebbles.     The   mine   was  originally   opened   some 

fieventy-five  years  ago  by  means  of  an  open  pit,  fi-om  the  back  of 

which  an  adit  was  driven  in  al(mg  the  bed.    The  old  drifts  had  not 

yet  lie«-n  cleaned  np  when  visited  and  were  badly  caved.    In  the  rooms 

opened  along  this  adit  the  sulphides  were  seen  di»!Wminated  through 

approximately  10  feet  of  the  dolomite,     (lulena,  pyrite,  and  chal- 

copyrite  otieur  togetlier.  thoroughly  disseminated  thmngh  the  rock. 

In  one  part  of  the  mine  the  copper  pyrite,  with  some  dark  mineral. 

probably  chalcocite.  was  seen  segi-egated  in  a  distinct  l)ed,  3  to  10 

»    inches  thick,  towaitl  the  bitse  of  the  dep<isit'  as  a  whole,  and  yet  above 

the  m(»t  important  Wd  of  galena.     This  copper  lied  seems  t«  have 

'  been  the  one  mainly  taken  ont  when  the  ininp  wax  formerly  worked. 

The  galena  Ix'hiw  is  largely  undistiirl>ed. 

The  strata  IbniiLghont  the  mine  roll  slightly  and  iri-egidarly,  these 
rolls  iH'ing  very  similar  to  those  common  in  coal  mines,  whereby 
separate  irregular  basins  niv  nnirked  ont.  In  this  case  the  irregu- 
larities very  probiibly  reflect  the  irregularities  of  the  sea  Iwttom 
npon  which  the  Ix'ds  were  laiil  down. 

The  occurrentv  of  cop|M'r  in  this  mine  as  a  snlphide  is  interesting 
Iwcanse  of  its  intimate  ivhitions  to  the  great  dis.-^'niinuted  lead  de- 
posits of  the  i-egion.  Any  explanation  of  llie  genesis  of  the  one 
mnsi  l;ike  into  ai'i'ounl  the  presence  of  the  oilier,  and  no  attempt  will 
Ih'  made  at  present  to  discnss  this  large  subject. 

South  of  Kredericktown  and  at  several  other  ]K)ints  in  the  vicinity 
<'opj>er  is  found."  None  of  these  pn)S[HH-ls  ace  now  open.  So  far  as  is 
known  the  iMciirrences  are  siniihii'  to  that  a(  Mine  La  Motte. 

SHANNON  COUNTY  MINES. 

l.i>r'ifii>ii.  —  iu  Sliiinntin  County  there  sire  showings  of  copper,  and 
allempts  have  \hvu  imide  lo  iniiu'  al  eiglil  localities,  which  are  indi- 
cated on  llie  iici'Dinpanying  map  (fig.  '2).  The  largest  amount  of 
deveIo|>nient  work  has  Ih-cu  done  at  the  Slater  and  so-called  Jerktail 
|)ropc]'lies.  \oue  of  Ihe  pi'()specls  are  n<)w  Iw-ing  develoix-il.  They 
lire  iill  williiii  a   few  mill's  of  Krniiieiice,  ihc  eouiilv  seat.     Kminence 


SHANNON   COUNTY   MINES. 


3  connected  by  daily  stage  with  Winona,  on  the  Cuircnt  River  div 
ion  of  the  Frisco  svstem. 
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//(«/(>ry.— The  first  attempt  to  rpgiiUrly  mine  copper  in  Missouri 
seems  to  have  been  made  in  Shamion  County  some  «ixty-five  yenrd 
ago,  when  the  Slater  mine  attracted  attention.  Th*  following  his- 
torical notes  were  compiled  by  J.  H.  Hahu,  of  Winona,  Mo,,  and  by 
him  placed  at  our  disposal.  They  represent  the  best  obtainable 
information  regarding  this  interesting  property. 

In  1837.  wiicn  Khiuiaon  County  wnn  pnietEi'iilly  a  wflilerueiw.  150  intleH  from 
n  nillronil.  the  Freuch  Hettlrra  ut  Ste.  Genevieve,  Mo.,  nnioiiK  wtioiii  were  the 
Vnlles  nnil  Henry  Jnuis.  sent  JoKeiih  Slater,  na  esperlenced  miner,  to  iteveluji 
tile  coniK!)'  depocltH  of  tlbAtmiiti  County.  whleU  locnilty  Bt  tbiit  tlmP  wiis  rt>in- 
lioHed  largely  of  uuHurveyetl  (Sovenuuent  Innils.  Slater  hontcht  tile  iMiBseBSory 
right  at  one  Georite  Smith,  a  hunler,  who  hiitl  dlsnwered  the  iifpiier;  iiml.  nftrr 
erecting  a  snioll  blnst  fiirnnee  of  stone,  he  mined  and  smelted  ohont  ?5<l,0fl0 
worth  of  copiwr. 

In  1840  the  lands  of  that  locality  were  wirveyed  liy  tile  Government ;  wheti?- 
iilKin  n  RpfH.-iitnfor  by  the  nninc  of  John  Gp|>s  Cowan  preempted  the  land,  com- 
pletely ouslluK  Klater.  but  nut  without  ii  legitl  mnleMt  which  wiui  curried  to  the 
trlbitnal  of  last  recort.  C'owiin  Hold  the  mine  to  otlier  it|>eeiiIntorH  In  the  Ea^t. 
who.  thinking  the  property  ftm  remote  from  mtiricet  to  be  Buwessfully  workeil. 
elosol  It  down. 

The  mine  reuiulued  Idle  until  the  year  1870,  wlicn  one  Chnrlex  T.  Blwr,  of  St. 
Liiuls,  having  purcbosed  many  tbouwiud  neres  of  Other  InudB  iu  Sbaiwion  County. 
Iiuntnl  np  the  owners  of  the  mine  and  nttinired  the  title  to  that  tract.  After 
nilnlng  mid  fililpplng  n  few  rsrlonds  of  copper,  Blaer  itold  all  IiIr  bnldlngs  to  t)ie 
Cnrrent  Biver  Uind  and  Cottle  Coinpiuiy,  u  corporation  compoBed  of  Mlchlgnti 
en]>iln1lsts  who  tiike  no  Interest  In  mining. 

Fcir  t«-cnty-flvc  ye;o-s  the  Shiti'r  agiihi  lily  idle,  when  attenllon  wiis  called  to 
same  by  F.  M.  lio^-ers.  ii  mltihig  prcis|K-i-l<ir  fi-oiii  Coloiado.  Mr.  Rogers  obtained 
a  m-year  leane  on  the  mine,  whii'h  Is  now  owned  by  the  Sinter  Copiwr  Mine  Com- 
|iaiiy.  II  <'or|Hinitinn  i>(  Winona.  Mo. 

When  a  land  snrvey  of  tlus^  area  was  made,  the  occurrence  of  copper 
was  noted  at  h  niunbor  of  points  and  indicated  upon  the  usual  town- 
ship plats.  On  the  sectional  map  of  the  State,  first  published  in  18fi.5 
by  John  T.  Fiala,  and  revised  and  republished  in  18S1  by  Campbell, 
tin"  various  c()pper  localities  niv  marked  by  symbols.  Alxtut  a  half 
dozen  are  indicated  in  Tps.  28  and  29,  Rs.  3  and  4  W.  This  map  was 
(■omi>iled  from  all  available  data,  and  inchides  everything  given  on 
the  LamiOfliceniapof  1811. 

/i/hfl(ii/)''i/'/'!/. — The  literature  relating  to  tJie  field  is  very  limited. 
Helow  is  an  abslract  of  the  important  pajK'i's: 


s  found  aloiL)-  conlact  of  ]l  nni  [Binihyry  with  a  limestone.  Xn  reKii'ir 
risNUivs  iK'twi^cn  llie  twi.  niiks  hlled  with  Iron  ore.  ciiiiH'r  ore.  cluy.  iind 
T  I'lv  in  liniestone.  Oii-s  iire  mnlnchlte.  cuprite  (  ?), 
ell  vein  "  iH-tween  Ibe  two  iij<-ks  is  ii  brecflii  of  Uitb 
■iittertil  tbiimi-'li  It.  Ore  is  uiliiiil  iil  three  lociilitieN. 
idc  (hnn  carlioiiate.  and  the  lattiT  is  |iiirtly  nziirite. 
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I  Whitney,  .1.  P..  Metallic  Wealth  of  the  United  States,  lHr.4,  p.  311.1 

No  luiDing  worthy  of  nauio.  IH»iH)slts  on  contact  IwtwixMi  Ix)\vcr  Silurian 
limestone  and  Archcan  tiiiartz-iwrpliyrj*.     Not  likely  to  Ik?  profitable. 

(Beport  of  the  Current  River  MininK  Company,  accompanying  charter  and  by-Iawa  of  the 
Current  River  Mining  Company,  of  MiKKoiirl,  by  Stephen  Rawden,  mine  agent.  New 
York,  1854.] 

The  vein  Ih  of  promising  character,  beinj:  coniimseil  of  "  «()s.»<an  spar "  and 
Bulpburet  of  cop|K»r,  green  carbonates,  and  malachites.  The  lode  Is  i»ml)edded 
in  red  granite  or  |)orphyry.  The  mine  has  a  i*egular  or  true  vein  with  a  dip 
of  li  feet  to  the  fatliom.  running  northeast-soutiiwi^st.  There  an*  probably  other 
parallel  veins. 

IBroadhead,  (J.  C,  Rept.  Mlssoiirl  Geol.  Survey,  1873-74,  chap.  .'»,  p.  48.1 

No  copper  ndning  now  done.  Mining  formerlj*  carrle<l  on  in  live  counties. 
Copper  ore  note<l  in  twelve  others.  Ores  are  azurite.  malachite,  and  chaleo- 
pyrlte. 

[Nason,  F.  L.,  Report  on  Iron  ores:  Mlsaourl  (Seol.  Survey,  vol.  2,  181)2,  p.  O.^.] 

Chaleopyrite  ndned  to  some  extent  near  Kndnence,  in  Sliannon  County. 
Exact  locality  not  reix)rte<l. 

IWMnslow,  A.,  Cieology  and  mineral  products  of  Missouri:   .Missouri  at   the  World's  Fair 

fat  Chicago  1,  1898.1 

The  principal  occurrences  of  sucli  (copper)  ore  are  in  Ste.  Cienevieve,  Shan- 
non, and  Franklin  c<mntles.     Found  in  magnesian  limestones  of  Camla-ian  age. 

[Haworth,  Erasmus,  Crystalline  rocks  of  Missouri  :   Missouri  (leol.   Survey,  vol.  8,  1804, 

p.  207.1 

The  porphyry  in  Shannon  County  is  very  similar  to  that  northeast.  Por- 
tions are  the  ordinary  red  kind.  Other  |K)rtions  are  filled  with  the  light-gray 
or  llgbt-green  feldspar  phenocrysts,  which  are  conunon  to  the  northeast. 

Slater  mine. — The  Slater  mine  is  about  2  miles  ea.^t  of  Eminence, 
at  a  point  where  one  of  the  common  porphyry  ridges  of  tlie  district 
projects  through  the  Gasconade  or  Cambro-Ordovician  dolomites. 
The  particular  knoll,  on  the  east  versant  of  which  the  copper  occurs, 
is  one  of  a  chain  extending  for  several  miles  in  a  northwest-southeast 
course.  The  por[)hyry  is  the  usual  red  type  so  (common  in  south- 
eastern Missouri.  It  is  of  pre-Cambrian  age.  Separated  from  it  by 
a  marked  unconformity  are  the  gently  dipping  granular  dolomites  of 
the  Gasconade  formation.  The  cliertv  dolomites  and  sandstones  of 
the  Roubidoux  formation  (K'cur  in  the  higher  hills  surrounding  the 
exposure. 

The  contact  l)etween  the  porphyry  and  the  limestone  is  in  an 
irregular  plane,  dipping  at  a  low  angle  to  the  east.  It  is  occui)ie(l 
by  a  well-develoix?d  conglomerate  in  which  there  are  l)owlders  and 
pebbles  of  porphyry  in  a  matrix  of  coarse  crystalline  dolomite.  This 
conglomerate  is  not  now  exposed  in  its  full  thickness,  but  old  work- 
ings are  said  to  have  shown  a  total  of  12  feet.  At  the  particular 
point  at  which  the  copper  is  found  the  svwivve^  oi  \\\^  \ivvc^^\:^  ^\\f^ 
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dnwii,  foiniiiig  ii  shallow  bnsiii  or  cove,  in  whifh  tin-  i-on^lonicrate 
was  1«MJ  Oown. 

C^^r  in  the  form  of  clialcopyrite  (CuFeS,)  and  the  gi-een^ 
bonate,  malachile  (CiiOlI^COJ,  occurs  in  the  matrix  of  this 
glomerate.  The  clialcopyrite  forms  small,  irregular  crystals  HHi 
grains  varying  in  diameter  from  1  miilimetcr  to  a  half  inch.  They 
ocenr  with  rhombohedral  crystals  of  dolomite  of  nearly  uniform 
size  and  gi-nins  of  quart?,  in  a  paste  of  greenish  clay.  The  carbonato 
is  found  in  simihir  d is-st^niinated  ginins.  apparently  the  altered  rt^m- 
nants  of  diak-opyrite.  and  also  in  flecks  and  thin  seams  penetrating 
and  replacing  the  porphyry  fragnipnts.  At  the  surface,  where  the 
rock  has  been  expost>d,  the  cracks  and  crevices  contain  a  black,  sooty 
powder,  apparently  mainly  manganese  oxide,  Ix-aring  copper  probably 
in  'he  form  of  the  oxide  or  of  chalcocite  (('UjS),  An  as^ay  of  this 
material  in  the  Survey  laboratory,  by  (Jeorge  Steiger,  gave  6.44  per 
cent  copper. 

The  largest  amount  of  work  done  on  the  property  has  evidently 
been  in  the  stripping  and  mining  of  Ihis  conglomerate  over  some  3 
acres.  To  the  east,  whei-e  the  rock  dips  under  cover,  it  has  not  lieen 
followed.  Along  the  strike  less  prominent  copjier  showings  are  said 
to  occur  at  intervals  for  nearly  2  miles. 

Copper  also  occurs  in  the  porphyry,  and  several  shafts  have  beeji 
sunk,  following  small  veins  into  this  rock.  One  of  these  shafts  is 
reported  to  W'  HIO  feet  deep.  This  was  filled  with  water  at  the  time 
the  jiroperty  was  exainiueil.  The  rock  on  Ihe  dump  sliowed  thin 
seams  in  the  ])orphyry,  and  in  these  small  crystals  of  <]uartz.  dolo- 
niile,  and  clialcopyrite  occur.  In  no  specimen  seen  was  the  amount 
(if  ihe  latter  sufficient  to  make  the  nM'k  workable.  In  other  pits  not 
so  deep  siniihir  n-evices  in  the  jK)rphyry  were  seen  filled  with  the 
given  ciirlKinatc.  This  occurred  at  one  place  as  mnoh  as  4  inches 
thick  and  |)raeticiiHy  free  from  admixture  with  otluT  minerals.  All 
the  crevices  examined  were  smalt,  an  inch  or  two  in  width  at  most, 
and  all  Jiavc  a  general  northwcst-soutJieast  course,  parallel  to  the 
general  trend  of  the  porphyry  hill.  They  are  not  larger,  more  nu- 
merous, or.  except  for  their  content  of  c»i|»))er,  more  impressive  than 
at  many  other  |>oirits  in  tJie  ])or|)hyrv  of  tin'  regifui.  Several  of  the 
earlier  oliservci's  have  rneutioiied  "true  fissiiiv  veins"  as  occui'ring 
in  the  jiorphyry.  but  so  fur  as  oliserviititnis  of  the  prest^nt  writers  go 
these  itunoi'  crevices  arc  Ihe  only  foundation  foi'  such  statements. 

The  ])rospc{'live  vahie  of  the  properly  is  so  intimately  connected 
with  Ihe  pi'obiible  genesis  of  the  oi'cs  Ihat  il  is  iicce..saiT  to  consider 
at  leas!  llic  |>o-sible  .-hai'actcr  of  the  hilter. 

The  clialcopyrite  is  not  apparently  [ircscrit  in  ([iiaiitities  of  eco- 
lioniii'  importance;  the  (pteslion  of  the  origin  of  the  sulphides  is 
Oififfoiv   relatively    uiiini porta ut.     It   is   U-lieved    that    they    were 
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delved  from  the  porphyry  by  leaching  either  (1)  of  minutely  dis- 
Wpinated  quantities  of  copper,  known  to  be  present  in  the  rookj.or 
^8l)  of  small  veins  locally  present,  of  which  the  ores  now  exposed «rc 
.ppresentativcs.  This  is  lx?lieved  to  have  occurred  at  the  time  the 
fiKiglomerate  >vas  fonned,  though  it  is  quite  possible  that  the  proeess 
continued  in  operation  through  later  geologic  ages. 

The  carbonates,  oxides,  and  ix)ssible  chalcocite  present  are  altera- 
tion prmlucts  from  the  sulphides,  and  the  topographic  and  struc- 
tural features  of  the  deposits  indicate  clearly  that  this  alteration  has 
been  accompanied  by  at  least  some  concentration.  The  open,  porous 
conglomerate  affords  abundant  opportunity  for  the  circulation  of 
waters,  while  the  decomposition  of  the  lime-soda  feldspars  of  the 
porphyry  fragments  would  serve  to  precipitate  as  carbonate  any 
copper  sulphate  present.  It  is  notable  that  the  decomposed  por- 
phyry pebbles  and  the  carbonate  are  closely  associated.  In  any  such 
process  the  carbonates  would  be  carried  down,  more  or  less,  and  pre- 
cipitated in  the  upper  fissured  part  of  the  porphyry  l)elow,  and  this 
is  believed  to  have  been  the  origin  of  the  carbonate  found  in  that 
situation. 

It  follows  from  the  above  considerations  that  future  prosj>ecting 
should  l)e  directed  toward  finding  extensions  of  the  conglomerate  and 
points  of  local  enrichment  rather  than  toward  following  the  small 
veins  into  the  underlying  porphyry.  The  cove  in  which  the  deposits 
occur  opens  out  to  the  east,  in  which  direction  also  the  rocks  dip.  A 
series  of  drill  holes  parallel  to  the  outcropping  edge  of  the  conglom- 
erate should  determine  the  depth  and  extent  of  mineralization  very 
cheaply. 

Jerktail  mine. — This  is  one  of  the  older  and  better-known  prospects. 
It  is  said  to  have  been  worked  about  1840  and  again  in  1870,  and  ship- 
ments have  been  made  from  the  property.  There  has  been  some 
recent  prospecting.  There  are  several  shallow  shafts  and  one  drift. 
The  conditions  are  very  similar  to  those  at  the  Slater  mine.  The 
Gasconade  limestone  rests  on  the  porphyry  with  gently  sloping  con- 
tact, and  the  usual  conglomerate  is  present.  In  this  conglomerate 
both  chalcopyrite  and  malachite  occur,  and  there  has  evidently  been 
some  reconcentration  of  material.  There  is  the  same  pre-Cambrian 
erosion  basin  or  cove,  in  this  case  fronting  to  the  southwest  rather 
than  east,  and  the  geologic  and  topographic  features  of  the  two  locali- 
ties are  almost  identical.  One  exception  is  that  present  exposures  at 
least  do  not  show  small  veins  running  down  into  the  porphyry,  as 
observed  at  the  Slater  mine.  There  are  no  sufficient  data  for  esti- 
mating the  probable  size  and  value  of  the  deposit. 

Sutton  mine, — This  property,  5  miles  southeast  of  Eminence,  re- 
sembles the  Slater  and  Jerktail,  in  that  copper  carbonate  is  found  in 
the  base  of  the  limestone  at  the  contact  with  the  underlying  ^jon^h-Yx:^- 
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Tlicre  are  no  recent  openings,  am!  the  details  of  the  rx^-eu rrcnce  are 
not  so  well  displayed  ns  at  the  other  intniH  mentioned,  but  the  phe- 
noiiienn  seem  to  be  essentially  the  stime. 

Viini'if  mhie. — About  2  miles  north  of  Emineiii^.  in  a  saddle  between 
high  flint-eapped  hills,  copper  has  been  found  in  the  limestone  Hnd 
Rway  from  any  immediate  niiitaet  with  porphyrj.  The  horizon  is 
in  either  the  basal  portion  of  the  Roubidoux  or  near  the  top  of  the 
Gasconade  liniestoue.  and  is  thus  considerably  above  that  of  the 
copper  at  the  Slater  mine.  The  country  rock  is  a  coarse,  granular 
dolomite,  in  which  is  a  bed  of  shale  4  to  12  inchtis  in  tliickness.  In 
this  shale,  and  at  jwints  completely  replacing  it,  is  copper,  mainly  in 
the  form  of  malachite,  but  also  occurring  as  chalcocite.  The  bed  has 
be^n  followed  into  the  hill  by  means  of  an  adit  some  50  feet.  A  few 
years  ago  the  property  came  into  the  hands  of  certain  Pitt.-iburfr  l>eo- 
ple,  who  abandoned  the  drift  and  l)egan  sinking.  It  is  said  that  they 
have  discovered  a  second,  but  seemingly  less  extensive,  copper  horizon 
Ixilow  the  ore  worked  in  the  drift- 

The  rocks  are  horizontal,  bedded  limestones,  with  no  signs  of  fault- 
ing or  of  vein  phenomena.  There  are  no  outcrops  of  porphyry  in  the 
immediate  vicinity.  The  origin  of  the  copper  is  somewhat  more 
difficult  of  explanation  than  at  the  Slater  mine.  It  can  only  be  said 
.  that  copper- bearing  solutions  liave  evidently  circulated  somewhat 
extensively  through  \h»  rocks  of  the  region,  and  that  the  shale,  band 
has  iiffiirdi'd  it  favonil^le  horizon  for  its  lodginrnl.  either  by  direct 
ii'ductitHi  throngh  the  action  of  organic  matter  or  by  the  mechan- 
ical pnx'es.s  recently  described  as  adfiorption. 

The  extent  of  the  deposits  is  unknown,  owing  to  the  way  the  pros- 
pecting has  U'cn  carried  on.     They  do  not  seem  likely  to  be  large. 

Tyivll  mini: — At  Ihis  proiiorty,  which  was  visited  by  Mr.  ElHs,  the 
copper  occurs  in  the  form  of  chatcocite  and  malachite  in  a  brecciated 
dolomite,  resembling  in  hand  specimens  .some  of  the  material  found  at 
Ste.  (Jenevieve.  So  far,  however,  flats  have  not  been  developed,  all 
the  lire  mined  having  come  from  a  small  vertical  seam  running 
niirlh  west -southeast.  This  has  been  followed  down  4S  feet,  and  is 
^aid  to  have  shown  some  copper  the  whole  distance.  The  slope  above 
the  prospect  is  covered  with  cherl  and  sandstone,  probably  l>etoken- 
ing  the  pn'sfHce  of  the  Itoubidoiix.  M)  that  the  horizon  is  probably 
idxmt  the  same  as  at  tlic  Casey  mine. 

/ii'iii'iiz'i  jirospi't't. — Situated  about  {\  miles  east  of  Eminence,  this 
is  instanced  as  lypicai  of  a  number  of  small  prospects  scattered 
throufrhiiiil  the  county.  Xol  far  from  a  porphyry  outcrop,  but  in 
liic  limcslune  hill  aljove  it,  a  few  small  pits  have  been  sunk.  Appar- 
ciilly  Ihcy  merely  reached  the  solid  rock.  Xo  (■o])per  minerals  of  any 
kind  :ire  now  shown  on  the  dumps.  .\  green  mineral  in  small  flakes, 
]irol.i;ibly  clilorite.  has  apparently  been  mistaken  for  malachite. 
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In  the  porphyry  at  the  foot  of  the  hill  are  some  thin  streaks  of 
white  quartz,  and  at  the  contact  of  the  porphyry  and  the  limestone  a 
black  earthy  material  is  found  in  small  quantity.  This  not  improba- 
bly contains  some  chalcocite,  since  it  is  said  to  show  on  assay  4  per 
cent  of  copper  and  1  ounce  of  silver  per  ton. 

Freeman  yroHpect, — This  is  very  similar  to  the  Bonanza.  Copper 
carbonate  and  galena  are  said  to  have  been  foimd  in  small  quantity 
in  shallow  pits  in  the  limestone.  At  present  nothing  but  ordinary 
limonite  and  residual  clay  are  exposed. 

General  coiu-lumms, — From  the  descriptions  already  given  of  the 
individual  prospects  it  will  Ik*  evident  that  there  is  small  probability 
of  true  vein  deposits  of  value  being  found  in  the  porphyry.  The 
largest  amounts  of  copper  are  in  the  limestone,  and  of  the  two  hori-. 
zons* recognized  the  lower  is  the  more  favorable.  Along  this,  where 
the  structural  and  topographic  conditions  have  been  favorable,  cop- 
per occurs  in  the  conglomerate.  The  deposits  are  thus  essentially 
blanket  veins,  and  in  view  of  their  shallow  dip  they  may  be  most 
easily  prospected  by  drilling  and  test  pitting.  Such  ore  as  occurs  is 
of  a  nature  to  be  easily  reduced,  and  the  samples  seen  are  evidently  of 
good  grade.  The  size  of  the  ore  bodies  can  be  determined  only  by 
additional  prospecting. 

THE  SULLIVAN  MINES. 

History, — On  the  northeast  flank  of  the  Ozark  uplift,  in  Franklin, 
Crawford,  Phelps,  and  adjacent  counties,  copper  minerals  have  l)eeu 
foinid  at  a  number  of  points,  and  several  attempts  have  lxH»n  made 
to  develop  mines.  Recently  some  prospecting  has  been  carried  on 
near  St.  James,  Phelps  County,  and  the  Missouri  Copper  Mountain 
Mining  Company  has  put  in  operation  a  20-ton  furnace  near  Sulli- 
van, on  the  Frisco  system.  This  corporation,  composed  largely  of 
persons  living  at  Sedalia,  Mo.,  owns  nearly  7,500  acres  of  land  in 
Washington  and  Crawford  counties.  Development  has  been  under 
way  for  nearly  three  years,  an  attempt  having  first  been  made  to 
concentrate  and  ship  the  ores  and  later  a  furnace  having  been  built 
and  put  in  operaticm.  The  works  are  located  in  sec.  24,  T.  40  N., 
R.  2  W.,  in  Crawford  Count  v.  Thev  are  at  the  old  Sullivan  and 
Bridell  mine,  where  the  Hamilton  Iron  Company,  up  to  1873,  took 
out  specular  iron  ore. 

Geology, — The  area  in  which  the  copper  has  been  found  is  that 
known  in  the  older  geologic  reports  as  the  region  of  the  "  Second 
sandstone."  Nason  used  "  Roubidoux  sandstone "  to  designate  the 
surface  roc*k  of  the  district,  and  applied  Gasconade  limestone**  to 
the  heavy  limestone  beds  found  in  the  lower  portions  of  the  valleys. 

•  Nason,  F.  L.,  Report  on  Iron  ores :  Missouri  G«ol.  Survey,  toI.  2,  1802,  p.  114. 
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The  (ire  is  fuuml  in  n'sidual  ilays,  Blliiig  pil«  in  the  Gasoonade  linie- 
stono  and  near  tin-  oiitiTojiping  edge  of  the  overlying  Koubidoiix. 

The  copper  (ktui-k  in  coimtK-tioh  wilh  ur  near  to  the  spet'ular  iron- 
ore  deposits  which^characterizt'  the  district,  •  These  iron  deposit^* 
have  Itwn  described  t)y  Nason."  wlio  considered  thejn  to  represent 
concentrations  made  by  surface  waters  in  sink  holes.  He  noted 
Uie  itiuiiiion  agMxriation  with  the  hematite  of  sulphides  of  iron,  cop- 
per, lead,  nine,  and  arsenic,  and  the  fact  that  these  sulphides  occur 
iikkI  abundantly  at  the  Iwttoni  of  the  deposits.  Indeed,  he  considered 
tile  iron  to  have  lieeu  originally  concentrated  as  a  sulpliide,  and  to 
have  been  later  altered  to  hematite.  This  theory  of  the  origin  of  the 
(ires  would  make  them  strikingly  analogous  to  the  iron  cappings, 
or  gossan,  over  mixed  sulphide  ore  bodies,  sutrli  as  occur  in  tlie  Western 
Slates. 

In  1904  H  number  of  the  old  iron  pits  of  this  aiva  were  reexamined 
and  Nasou's  observations  wefi?  confirmed.  It  was  found  very  com- 
monly that  sulphides  and  carbonates  of  i-oppi-r,  in  particular,  oiriir 
in  intimate,  mixture  with  the  hematite  :it  ihe  bottom  of  the  nr)W 
abandoned  pits,  llow  important  in  amount  this  ore  may  be  was  not 
determined,  but  it~s  widespn-ud  t nwi rrence  was  very  evident  and  its 
position  is  believed  to  l)e  signilicunt. 

Oir  bodkti-~—'V\n'  copj>er  mined  at  Sullivan  is  obtained  from  whal- 
-  low  workings  on  the  side  of  a  hill,  neai'  th«  lop  of  which  iron  was 
fiirnii'rty  iniried.  The  old  iron  pits  nrc  now  partially  filled  by  surface 
wasli.  The  ore  li<Kly  was  evidently  of  Ihe  usual  irivgiilar  form,  and 
Ihc  ore  now  remiiiiiing  in  the  botlom  of  llie  pil  »nd  in  the  short 
drifts  ruiming  l»ack  inlo  Ihe  hill  is  low  grade  iind  siliceous.  The 
dump  slums  the  usuiil  n-d  beinalite  and  ocher,  Copiwr  is  rejxirted 
lo  have  U'eu  found  in  the  lowest  part  of  Ihe  old  workings,  but  none 
is  [low  exposed. 

Lower  on  the  slope  atv  the  shafts  recently  sunk  in  st^arch  of  copjwr. 
The  dumps  around  these  shafts  show  red  hematite,  broken  and 
bivtviated,  and  with  Ihin  flakes  atid  stMims  of  copjjer  carbonate  run- 
niug  (hiongh  it.  The  siirfuc*'  is  mainly  covei-ed  with  red  clay  and 
chert  fragments,  ihoiigh  limestone  and  sandstone  are  also  present. 
On  the  dinups  aiv  pieces  of  ii  dark-colored  limestone  which  shows 
veins  of  calcile  ouc-sixtit'tith  lo  one-eighth  inch  thick,  with  similar 
but  still  thinner  veins  of  ]»yi'ile.  whieli  also  occurs  in  very  fine-grained, 
irregular  piirlicles  tlii'ougli  the  rork.  Portions  of  the  limestone  have 
been  altered  to  ii  brown,  vitreous,  porous  rock,  greatly  resembling 
giiruet  in  apiK^anmce.  Cnder  tlie  microscope  il  is  seen  to  be  now 
coiii))oseil  iibnosl  wholly  of  crystalline  ijuarlz  with  occasional  small 
aggrcgiite?.  of  niiiliichite.     Running  through  the  qiiarlz.  without  re- 
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gard  to  the  crystal  boundaries,  are  irregular  convoluted  bands  of 
brown  iron  oxide.  Apparently  these  outline  the  grains  of  the  orig- 
inal limestone,  now  wholly  replaced  by  silica. 

The  main  workings  are  below  these  shafts,  the  entrance  being  by 
adit  connected  with  one  of  them.  The  adit  is  cut  through  a  bar  of 
limestone,  beyond  which  is  a  body  of  soft  red  clay,  in  which  the 
copper  occurs.  Both  chalcopyrite  and  the  usual  alteration  products 
occur,  irregularly  distributed  through  the  clay.  Balls  of  the  chalco- 
pyrite a  half  foot  or  more  in  diameter  and  coated  with  malachite 
and  chalcocite  *are  found.  Not  enough  work  has  jnet  l>een  done  to 
develop  the  form  of  the  ore  body,  but  it  is  known  to  be  somewhat 
irregular.  Both  lead  and  zinc  ores  occur  on  the  same  land,  though 
neither  were  seen  in  the  copper  workings. 

It  would  seem  that  the  copper  occurs  in  a  residual  clay  occupying 
an  irregular  pit  in  the  limestone  of  the  hillside.  It  is  above  water 
level  and  below  the  main  body  of  iron  ore.  It  was  originally  in 
the  form  of  a  sulphide,  and  the  present  ore  has  resulted  in  part  from 
concentration  in  situ  by  residual  action.  Probably  also  copper  has 
been  leached  out  of  the  higher  portion  of  the  hill,  the  iron  being  left 
behind  as  a  gossan.  Accompanying  this  action  there  has  been  at 
least  local  silicification  of  the  limestone.  The  original  introduction 
of  the  sulphides  was  by  waters  which  were  of  diflFerent  composition, 
since  for  a  long  time  the  waters  of  the  region  have  been  destroying 
rather  than  building  up  the  sulphides.  The  nature  and  source  of 
these  waters  are  for  the  present  uncertain.  So  far  as  known,  the 
original  sulphides  are  not  sufficiently  rich  to  l)e  worked  alone  for 
copper,  and  only  the  pockets  found  in  the  coves  of  residual  reconcen- 
tration  warrant  prospecting. 

Value  of  the  deposits. — No  general  sampling  of  the  mine  was 
attempted.  An  average  sample  of  the  face  of  one  drift,  as  nearly 
as  it  could  be  taken,  was  found,  on  assay  in  the  Survey  laboratory  by 
George  Steiger,  to  carry  12.55  per  cent  of  copper.  It  is  impos- 
sible to  say  what  the  average  of  the  whole  ore  body  would  run.  It 
is  estimated  by  H.  H.  Graham,  manager  of  the  property,  that  the 
ore  going  to  the  furnace  runs  5  to  8  per  cent.  From  a  twenty-day  run 
in  1904  30,000  pounds  of  pig  copper  and  matte  resulted.  This  is 
equivalent  to  22,500  pounds  of  metallic  copper.  According  to  the 
records  of  W.  H.  II.  Myers,  secretary  of  the  company,  the  ore  used 
in  the  furnace  during  this  run  averaged  14  per  cent.  The  ore  is 
practically  self-fluxing  and  easily  and  cheaply  handled.  So  long 
as  no  greater  difficulties  than  those  now  apparent  arise,  it  should  be 
possible  to  work  this  ore  profitably.  In  view,  however,  of  the  very 
great  irregularities  in  form  and  richness  characteristic  of  residual 
ores,  it  is  impossible  to  make  any  valid  estimates  for  the  future. 
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SU  COPPER   DEPOSITS  OF    MISSOITBI,  Inru..  MT. 

(iENKKAL  tjt'MMARV  AJflJ  COSTCI-l'HIONS. 

Copiwr  ill  iha  form  of  Milphides  and  farl)onal«H  1ms  Iweii  found  nt 
nitiriy  points  iu  sontlieni  Missouri  and  1ms  buen  mined  in  KevL>rul 
localities,  notably  in  Ste.  Oenevieve,  Mndison,  Shannon,  and  Cniw- 
foi'd  coiintipR.  Very  Iiirge  deposits,  rivaling  thiow  of  the  West,  Imve 
not  Ijeen  found  and  are  not  to  be  expected.  Tlic  cliarartiT  c»f  Uic  tui- 
-  iitid  the  hin*  eosl  of  flux,  f»v\,  and  lalxtr  make  it  poiisilile  to  vinrk  some, 
at  IcaBt,  of  the  dejjosits  with  pnifit. 

Till*  ores  show  u  pn-fcii-nec  for  certain  sti'atigrKi>hie  liorizons. 
and.  Ix'ing  l)edded.  may  l»'  prospected  with  ease  and  (kxinoniy.  The 
(.■uniiiion  association  of  Kiilphiil«s  with  speeular  iron  of  the  sandstone 
ivgion  [M>ints  to  the  advisability  of  the  investigation  of  the  oU!  iron 
pit«.  While  any  copper  deimsiLs  found  will  probably  not  be  large, 
they  should  la*  easily  and  eheaply  mined.  In  Shannon  (."ouiily  the 
most  favorable  loealitie-s  aiv  along  the  eontaft  of  jMirpliyry  and  dulo- 
tnile  ill  points  where  the  eonglnmerate  Iwds  at  the  base  of  the  lalt<'r 
till  ill  shallow  basins  in  the  crystallini.*  roeks.  In  the  dissi>niinat4-d 
lead  ilistriet  of  southeastern  Misiwuri  copper  wcnrs  in  connection 
with  the  lead,  and  at  a  few  points  can  Iw  saved  to  advantage. 

The  oRjs  were  duubtless  formed  by  concentration  of  nniterial 
originally  disseminat*Kl  in  the  surroimding  roclw.  Wiiisluw  and 
Kobertpoii*  some  time  since  proved  that  both  the  crystalline  rocks 
and  llu'  iloliKoiles  tti  ihi^  i'e;i:ion  <'"ntain  cop]»er  in  ininntc  but  suffi- 
ci<>nt  ai(iiiuiit>.  'Mil'  preference  of  the  ore  Ixtdies  for  certain  horizons 
i>  U'lieved  I*'  !"■  d('|)ciidciil  iiiiiinly  ii|Ji>ii  orijiinal  uneipuil  distribution 
of  nialertal  n->iiltin<r  from  i:in<l  and  sea  conditions  :it  the  lime  the 
ro.'U>  w<-i'e  laid  ilown.  Kxccplinj-  (lie  Mine  La  Motte  deposits,  all 
l!ic  iiii])oi1;irit  coppei-  .[cpo>it>  of  Mi^soun  arc  found  in  that  part  of 
Die  I'olosi  rocks  ulii.li  was  laid  down  in  .hallow  waters  and  when 
frci|iicnl  cliangcs  of  shore  line  were  evidenlly  occurring.  The  Sle. 
(;eiievic\e  .lepo<il  occui's  iu  l.ivccialed  horizontal  chert  in  the  lower 
jiarl  ..r  tlie  Jcirei>"ii  City  limestone:  the  Sullivan  deposit  has  Ix-cn 
.cgieijatcd  froiu  beds  near,  probably  just  iM'neiith.  the  Koubidoux 
sand-loiic;  and  in  the  Casev  mine  the  oiv  i^.  found  in  the  Honbidoux. 
The  SliiiiT.  Jei'ldail.  and  Sutton  iniiies.  in  Shannon  Coimtv.  o<--CTir 
alon?r  the  cmlad  lietwccu  ol<I  porphyry  jvluuds  and  the  dohanite^ 
.)!■  liic  (ia-eoriade  ioi-niaticn.  The  Mine  La  Motlc  ores  wciir  wbcre 
liic  .iiuilai-  Honncierre  limotniie  lap>  upon  similar  porphyry  iiill^. 
Kvei-v\\lien-  the  di-t ril.iilion  of  llie  copper  seeni~  related  to  original 
sliallow-«aler  condili..n<.     Al  some  laler  jxTiod  in  (lie  course  of  the 

work  i.r  imdei-gr d  waters  llii<  originally  <lis-emiiia1ed  copper  was 

^egn-alcd  iiHli..  bndie.  now  found. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  (teological  Survey, 

Washingtmi,  D,  C,  May  12,  1905. 

Sir:  1  transmit  herewith  the  manuscript  of  a  reiK)rt  on  "'Miocene 
Foraminifera  from  the  Monterey  Shale  of  California,  with  a  Few 
Species  from  the  Tejon  Formation,'"  b}^  Dr.  Rufiis  M.  Bagg,  jr.,  with 
an  introduction  by  Prof.  J.  C.  Branner,  and  recommend  that  it  be 
published  as  a  bulletin  of  the  Survey. 

Very  respectfully,  C.  W.  Hayes, 

(rtfologiHt  ifi  (-harge  of  (reology, 
Hon.  Charles  D.  Walcott, 

Director  United  Stattm  Geological  Survey. 
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MIOCENE  FORAMIXIFERA   FROM   THE   MONTEREY  SHALE, 

CALIFORNIA,  WITH  A  FEW  SPECIES  FROM 

THE  TEJON  FORMATION. 


liv  Ui;kds  M.  BA<i(j,  Jr. 


CiEOLOOT. 

Bv  J.  C.  Branner. 

The  Miocone  Foraminifora  described  in  this  bulletin  were  collected 
by  me  from  the  Monterey  shale,  on  the  I^ancho  del  Encinal,  near 
Asuncion  station,  in  San  Luis  Obispo  County,  Cal.  The  exposure 
from  which  the  material  was  taken  is  in  the  y)ed  of  Graves  Creek, 
about  500  feet  south  of  J.  II.  Henrv's  ranch  house,  and  7,000  feet 
nearly  due  south  of  Asuncion  station,  on  the  coast  division  of  the 
Southern  Pacific  Kailwav.  The  same,  or  similar,  fossiliferous  beds  are 
exposed  at  many  places  in  the  hills  and  gulches  northwest  of  Mr. 
Henry's  house. 

The  accompanying  map  and  section  on  the  line  A-B  (figs..l  and  2) 
show  the  geneml  geology  of  the  neighborhood  well  enough  for  present 
purposes. 

The  Monterey  shale  is  between  2,000  and  2,500  feet  thick  here,  and 
forms  one  broad  fold,  though  there  are  many  small  faults  that  are  not 
indicated  on  the  section,  and  considerable  variations  in  the  direction 
and  amount  of  the  dips.  In  plac^es  the  beds  are  much  wrinkled.  The 
shale  series  is  not  uniform  throughout,  but  contains  layers  that  are 
more  or  less  sandy.  On  (iraves  Creek,  between  its  mouth  and  the 
ninch  house,  there  are  several  exposures  of  a  bed  of  coarse  sandstone 
interbedded  with  the  shale  that  is  at  least  10  feet  thick.  The  shale 
proper  also  varies;  at  some  places  it  is  flinty,  at  others  it  is  somewhat 
sandy,  and  at  still  others  it  is  soft  and  chocolate-colored,  and  contains 
an  abundance  of  well-preserved  Foraminifera.  At  one  place,  al)out 
1,500  feet  below  the  ranch  house,  I  found  in  the  creek  bed  an  unde- 
termined vertebrate  fossil  about  4  feet  long.  This  is  the  only  fossil 
observed  in  these  rocks  beside  the  Foraminifera  and  diatoms.     Th(» 
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bulk  of  tliiw  oluilc  i:-  made  of  diatom  skeletons.  In  winiw  pluws  the 
nicks  ftre  soft  and  ]x>wdi>ry  (■nough  to  he  used  for  polishing  powdt-r. 
In  color  the  nhale  vnries  from  wliito  tliroiit,'h  cream  i-o!on"d  and  tjrav 


.EGENO 


to  anilH.1   colored  and  lilack.     Even  when  the  rocks  are  flinty  they 
often  contain  good  impiGssions  of  Foraminiferu. 

The  AIont<'ro\    "hale  {«  expo^d  at  many  places  along  Atascadero 
Creek   and  ntaiU  e\ei}whei'e  in  this  vicinity  it  contains  Foramin  if - 


era,  thougli  most  of  the  roi'ks  art  too  haid  to  aUow  them  to  h©  taken 
out. 

It  is  of  interest  to  note  that  nearl\  all  of  the  Montere\  shale  in  thi-< 
neigliborhoi.>d  contains  a  uotahle  amonnt  of  li\diocaiboii— enough,  at 
least,  to  cause  it  to  bum  with  a  flame  h  In  n  pi  iced  in  a  hot  hre  I  h&\  e 
hud  the  ii_vdro<«rbons  deterwuxieA  \v\  \v,i^  \\\i\*;al  --wu^ted  of  the  whale 
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One  kind — the  hard,  amber-colored  chert  from  Atascadero  Creek  and 
from  just  >>outh  of  Havel  ntation  on  the  milway— yielded  12.8  ounces 
of  oil  to  the  ton  of  rock.  The  eh(K*olate-c'olored,  soft  shale  that  con- 
tains so  manv  P\>niminifent  was  found  to  contain  102.4  ounces,  or 
about  0.8()  ^llon  of  oil,  to  the  ton  of  rock.  The  specimens  examined 
in  both  cases  came  from  the  surface,  and  it  is  (juite  jwssihle  that  under 
cover  the  rocks  contain  a  little  more  oil. 

A  matter  of  considerable  interest  in  connection  with  this  shale  is 
that  it  is  traversed  at  several  places  along  (xraves  Creek  above  the 
ranch  house  l\v  sandstone  intrusions  or  dikes  that  appi»ar  to  have  come 
from  below.  (See  PI.  I.)  They  vary  in  thickness  from  less  than  an 
inch  to  several  feet.  Thase  dikes  are  described  by  Prof.  J.  F.  Newsom 
in  the  Bulletin  of  the  (Geological  Societ^'of  America,  vol.  14,  page  227. 

The  Monterey  shale  in  this  region  rests  upon  a  series  of  snuff- 
colored  sandstones  which  a  little  farther  south,  in  the  San  Luis 
Obispo  (juadrangle,  are  referred  by  Fairlmnks  to  the  Atascadero 
(Chico).  It  is  overlain  by 'a  series  of  coarse  sands  and  gravels  that 
form  the  low  hills  lying  between  Mr.  Henry's  ranch  house  and  Asun- 
cion station,  and  forming  also  Pine  Ridge,  the  hill  just  west  of 
Atascadero  station.  These  overlying  beds  are  regarded  by  Doctor 
Fairbanks  jis  Santa  Margarita  (San  Pablo),  or  upper  Miocene.  I  am 
inclined  to  l)elieve  that  they  are  Pliocene.  Their  age  is  of  no  especial 
importance  in  the  present  discussion,  however,  further  than  that  they 
are  clearly  not  a  part  of  the  Monterey  shale. 

The  writer's  studv  of  the  fossils  of  the  Miocene  clav  marl  of  Graves 
Creek,  San  Luis  Obispo  County,  Cal.,  collected  b}'  Prof.  J.  C.  Bran- 
ner,  has  yielded  an  interesting  fauna  of  sixty -six  species,  including 
a  few  varieties,  and  seventeen  genera.  These  genera  are  liulimina^ 
BoVtinna.  LfUjctm^  XodU^narta^  CrUtellarla^  U)*l<jerlita^  Sagrina^  Glo- 
higerina^  (h*l}ulhka^  Pullenla^  Discorbina^  Trnncatullna^  Anr/rnalina^ 
Pidvinulitm^  Rotaliiu  Xfmlonina^  and  PolysUnneUa, 

A  glance  at  the  list  (pp.  13-15)  reveals  the  absence  of  arenaceous 
genera  and  species,  of  warm-water  Miliolida?,  the  presence  of  but  one 
member  of  the  Nummulitic  group,  and  the  large  number  of  rotaline 
types.  The  absence  of  the  arenaceous  genera  undoubtedly  shows  the 
purity  of  the  waters  in  oceanic  circulation  during  the  Miocene,  and 
this  evidence  is  still  further  substantiated  by  the  fine  argillaceous  and 
silt  character  of  the  deposit  in  which  the  Foraminifera  are  deposited. 
The  Foraminifera,  in  fact,  constitute  a  large  portion  of  the  entire 
mass  of  the  marl  itself,  while  sand  and  coarse  pebbles  are  practically 
absent.  Only  in  one  instance  was  a  pebble  detected  in  the  material 
washed.  This  pebble  is  upward  of  half  an  inch  in  diameter  and  is 
composed  of  dark  flinty  quailz.     The  majority  of  the  masH  iiv  ^^^nr^s. 
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>  fossilw  lire  i-inlic^ddocl  is  i-irh  in  aluminiuii  iitid  m^casittiiully  thprc 

,  are  cHlcarcouK  nmlulu*.  and  iiTegHlar-slwpod  fragnipntw  which  wh^'n 

dittsohed  in  hydrochloric  »t'id  lesw  h  sinail  deposit  highly  BiuiiiiiioiiM. 

Hd  i)ho«ph»t*>.s  B-ure  detected  in  thfse  cakarpous  iiiiu»t(>n. 

'I'lic  mBJnrity  of  torins  identttied  arp  prtiwnl  in  HbundiiiK.!t>  to-day  in 

i  tile  Noith  Atlantic  Ocean (soo  lint,  pp.  13-l5).ttiidtho  writer  iscuntidenl 

that  tlie  lyinditioiifi  there  to-day  roprpsent  pretty  well  thft  <»ci«iiic  1cm- 

peraturoH  and  dcpthfi  at  which  thi;  California  hfdH  wi>rc  kid  down. 

Th&TO  fiflSil!?!  wftr«pr«siimiiblydppo.ti(.ed  ill  waters  the  depth  of  whi<'h 

■  was  k'HH  than  500  fathome.     Forms  like  0hJ>!g,7-h<'i  MZ-i'/es  and  O-,-!/,,- 

liiiii  MMtVwvrtare,  of  course,  surface  typen and  are  iintriist wort liy  giiidi-^ 

wii4>u  the  fanna  as  a  wholu  is  (»n»lderi\l.     The  relative  abniKUncf  of 

forms  of  any  one  apeines  is  an  importitnt  indication  nf  the  cohditions 

under  which  a  given  formation  wa«  laid  down.    The  ofcnrrfini.-o  in 

relative  ahnndance  of  formn  found  only  in  shallow  waters,  such  an 

£nlii>ina  ienar!erui!»,  B'dlvlna  fe,rtilnr/'('id«g,  Bulimlna  vUganflnHiwHt 

Dini'orlifnn  iMnaarjthitii/ti'dfm,  i^odmnrlii  Jiiifurmlit.  PiiMim/inn  nun'- 

cula.  and  f'rig^ina  tmuixtriafa^  nffuni  auipic  evidence  that  tin-  entire 

fauna  wai?  de|>o8ited  tn  shoal  waters. 

The  fauna  as  a  whole  \«  remarkably  rtimilar  fo  that  of  the  older  Plio- 
"citie  beds  of  Monte  Ifortolomeo  descrilwd  by  Eg:ger  in  ISltS."  This 
_  fiict  has  already  I>ecn  pointed  out  l>y  ('Impiiian  in  his  report  on  the 
dUalifornia  Foraiainifei-a.''  The  fomtninifeiDl  eotitente  of  the  Miocene 
bed,-;  extirniried  by  tlie  writer  tnid  (li'srrMx'd  it)  Die  Hnllt'tin  of  ,\Tnpri- 
c«ii  I'lileontology  have  only  n  gcnei'a]  resemblance  to  the  fossils  under 
discussion  and  iiiv  not  as  closely  related  as  thase  of  the  middle  Tertiai'v 
Iw'ds  in  Europe. 

The  fornminifeml  shells  in  this  gray-brown  marl  are  peculiar  in 
that  their  chambers  are  rarely  lilled  with  the  e.\ogenous  matter  coni- 
jxising  the  matrix  in  which  they  are  depo.-ited.  They  will  thcivfore 
float  readily  on  water,  which  is  of  assistance  in  sepirat  ing  them  from  the 
matrix.  This  fact  is  iiIno  of  ini|K>rtiuice  as.  indicating  the  i-apidity 
wilh  which  the  Miocene  beds  were  deposited,  since  in  nearly  all  cases 
of  fossil  Foniminifera  with  which  the  writer  i.s  familiar  the  shells  are 
Hlle<l  inon'  or  less  completely  with  the  material  in  which  they  are 
embedded. 

The.  only  rejiort  on  the  California  Miocene  of  which  the  author  ha-; 
any  knowli'dge  is  one  by  Mr.  Frcdi'rlck  (.'hsipumn.  entitled  ■'  Foniini- 
nif<'ra  from  the  Tertiaiy  of  California,"  i-iililished  In  the  Proceed injrs 
of  ihe  California  Academy  of  Sciences,  M  series,  vol.  1.  No.  S.  l'.H»i 
(Sim  Kninci.sco).     Of  the  species  identihed  and  described  in  this  report 
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l)y  Mr.  Chapiimn,  niiui}'  wore  found  also  in  the  material  investi^ted 
})y  nn'self,  and  in  addition  many  new  forms  w(^e  recognized.  The 
new  (-ristellarian  d(*scrihed  by  Chapman  und(»r  the  name  of  CrhUl- 
lana  miitcrhHH  was  not  recognized  although  Mr.  Chapman  found  the 
fossil  in  a})undance  in  his  material.  Mr.  Chapman's  material  is 
described  as  a  close  textured,  gray -brown  marl  from  the  Tertiary  marl 
of  California  marked  **  Miocene T'  and  a  second  specimen  was  from  a 
w^ell  boring  in  Santa  ClaraCounty  similar  to  the  first,  scmunv hat  paler, 
and  rather  shaly.  The  matrix  w^ien  seen  in  thin  section  Chapman 
describes  as  consisting  of  ])asaltic  or  palagonitic  material  crowded  with 
hollow^-chambered  F'omminifera.  P^rom  this  description  it  appears 
prolMible  that  Mr.  Chapman's  si>ecimens  were  from  the  same  forma- 
tion as  the  material  examined  by  the  author  of  this  report. 

Before  descri})ing  the  species  it  is  perhaps  best  to  stat(^  that  the 
references  and  synonyms  given  under  each  species  are  not  complete, 
only  the  more  important  and  accessible  references  being  included  and 
in  every  case  the  original  description  l>eing  placed  first. 

Again,  in  one  or  two  reports  the  author  has  been  obliged  to  use  the 
paging  given  in  reprints,  esjjecially  in  the  report  of  .lohann  Egger,  pre- 
viously referi-ed  to,  and  he  does  not  feel  positive  that  the  pages  given 
will  correspond  with  what  mav  b(^  lat(»r  found  in  the  bound  volumes,  of 
w-hich  thes(»  a})stracts  are  a  part.  The  plate  numbers  and  figures  and 
other  refer<»nce  matter  should  be  found  without  error. 

Table  shomng  limitu  of  depth  of  rj-lsting  repnineniatives  ttf  the  fossil  Fort tmhiif era  found  in 

the  Miocene  of  Calif ornia. 

Name.  |  Depth.  ,  Chief  locality. 


Anutualina  ainmonoideH To  l,.'i50  fathoms South  Pacific. 

Anonialina  ariinineiiHis 150  to  2,200  fathoms North  Atlantic. 

Anoiimlina  j^rosscrugoaa 'AAb  to  2,1(50  fathoms  . .   Nortli  and  South  Atlan- 

'      tic. 
A  nomalina  rotula Not  known  outside  Tertiary. 

Bolivina  wnariensis Shallow  waters North  Atlantic. 

Bolivina  dilatata To  1,180  fathoms Do. 

Bolivina  dilatata  var.  angH^'ta do 

Bolivina  punctata All  depths 

Bolivina  punctata  var.  .sub-    do 

striata. 


Bolivina  textilarioides Shoal  waters 

Bulimina  afiinis Deep,  one  Cuba 

Bulimina  buchiana Fairly  deep  water. 

Bulimina  elegans : Depths  not  known, 

Bulimina  elegantissima Very  shoal  water . . 


Bulimina  elongata 6.30  North   Atlantic,  1,425 

I      South  Atlantic. 


Do. 
All  oceans. 
Do. 


Wide  area. 
North  Pacific. 
North  Atlantic. 
Wide  range. 

Do. 
North  and  South  Atlan- 
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iiig  limilt  <i/i]f}itii  of  existing  rrpreMntatirai  of  llie  futiil  fhrnminijerti  joiiiul  ii 
tht  UoKeae  of  Qdifomia—CtmtiiaeA. 


South  AtUntii^,  2,200: 
South  Padltc.  15U15IW: 
HonU  AUtuiUc,  elivlluw 
to  1,400. 


Bulimipa  pupoiden 

I    ('rislellHriH  nrtirulatB  . . 
Crwl«11aria  caseie 

Crietellaria  t^repidiila .. 


CristcUaria  gerl&ndi . . . 

Crictellaria  gibb« 

Cridtellaria  rotulalii 

I>if>(<orbina  allomorphir 
Gldbitterina  hilobata... 
Globijjsedna  bulloide?. . 
tilntiigcrinucretacen... 
[i^labigeriDa  dobia 

I-a|rena  apipuUta 

I^geiiaiiloboea 

Jji^enagwiliH 


8hoal  ti>  100  talhoiUH 

Iweas  than  400 

Shallow  W8t*r 

Slio»l  watrr,  onp  enample, 

2.350  latliuma. 
Friund  in  Titjoii  [uruiatiaii. 

J  Mioc^nnonly 

J  I.eM  tbai)  500  (athoiuR | 

.   Tn  2,000  fmhoins 

.1  Il)tol55fatlioiiis 

.    Bottom  ixiKe.varioUHdepthii 
_'  Alldeptlia 

Bottom  oosf I 


AJriaik-   ami    Medltw^ 

Raiv  lo-day.  ^^^| 

All  openiiH.  ^^^1 

Three  ImulUiwi  "ul^^H 
Wide  nuip'.  ^^^1 

Uaivereal  area. 


I 


I.Hpena  ttinrgiiiata.. 
Latcena  eul<;ata 


NoilosHria  ailolphina  . . 
Nwlosaria  conimnnip  . . 
Nfxlii>iHriii  coneobniia.. 

SiHlosaria    (iinBohrinM 

eiiiat^JHlii. 
NiMlowiria  farciiiicii 


Ni^ilosnria  [laiipi'n 
Nmlosiiria  radienh 


,\lltl..|>ih!'t.Kt,(X)fifatliuiiis 

r.v,.rv  iatitiid... 

I'snallv     (.hallow     water, 
rerelylo  2,776. 

WM.a,.a. 

All  depths  to  3,125  fathomH 

All  latitudes. 

To  2,750  tathome  tvpii-ally 
phoal  water. 

Wide  range. 

All  depths 

Kvery  latitude. 

129  to  1,H76,  month-  mo.1- 
erate. 

South  Atlantic  and  South 
Pacific. 

.-..do 

Do. 

All  depths 

Ei'ery  ocean. 

To  r>00  falhomi. 

Xol  widely  distributed. 

To  2(K)  (alhi.m-. 

Every  ocean. 

All.lepthH 

Do. 

Whore     watern     lo     2,3.50 
faliionii^. 

Not  in  North  Pacific. 

U-.-S  than  400  falhomn  .... 

Mostly  inNorth  Atlanti.'. 

lL'.i  to  I,:»Wfalhoiii8 

North  and  South  -At- 
lantic and  South  I'a- 

cific. 

Few  toi;oilfatlii.(.i« 

Only  few  places  now. 
North  Atlantic. 
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Table  showhuj  limiU  of  depth  nf  exiding  reprefienlatWes  of  the  foml  Foramin  if  era  found  in 

the  Miocene  of  Oilifornin — Continued. 

Name.  Depth.  ,  Chief  locality. 


Xonionina  communis Presumably  fosHil  only 

Xonionina  pompilioi<ie« Deep  water  only,  1,000  to  Southern   and   northern 

3,000  fathoms.  oceans. 

Nonionina  umbiliiratula 30  to  3, 125  fathoms I  Widely  <listributed. 

Orbulina  uni versa All  depths Every  ocean. 

Polystomella  crispa To  .'^55  fathoms Arctic  and  tropical  wa- 

I  ters. 

Pullenia  spha^roides ,  To  3,000  fathoms All  oceans. 

I^llvinulina  auricula Shoal  waters  in  North  At- 
lantic known  to  500 
fathoms. 

Pulvinulina  brongniartii ■ Adriatic  only  so  far  as 

I  known. 

Kotalia  l)eccarii InhaWts  margins  of  all 

I  great  oceans. 


Kotalia  soldanii *  - .    Deep  waters  never  less  than 

300  fathoms. 

Sagrina  branneri Miocene  only 

Sagrina  califoniiensiH do 

Sagrina  elongata do 

Tnincatulina  lobatula Every  m-ean 

Truncatulina  pygmjva Deep  water 


Wide  area. 


Trimcatulina  variabilis Shallow  water  (only  one 

example,  2,000  fathoms). 

Truncatulina  wuellerstorfi  . . .    200  to  2,000  fathoms 

Uvigerina  canariensis ,  Shore  sands  to  1,900  fath- 
oms. 

Uvigerina  pygmwa 2  to  2,500  fathoms 


U  vjgerina  tenuistriata |  Shallow  waters 


All  depths. 
Considered  rare. 
W'ide  area. 

Do. 

South  Pacific  and  South 
Atlantic,  etc. 

North  Atlantic,  common; 
universal  also. 

Many  localities. 


LIST  OF  SPEC^IES   DESCRIBED   (SYSTEMATICALLY   ARRANGED). 

Family  TEXTULARID.l^:. 

Subfamily  BuLiMiNJi. 

Bulimina  affinis  d'Orbigny. 
buchiana  d'Orbigny. 
elegans  d'Orbigny. 
elegantissima  d'Orbigny. 
elongata  d'Orbigny. 
ovata  d'Orbigny. 
pupoides  d'Orbigny. 
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DlMORPllOUS  iVIKU. 

Bnlivinn  rFiinrimitri!  (Costa). 

^^m 

dilfttata  H*-iii*. 

^^H 

liikUta  VRr.  aii^ueta  Eg[ger. 

.^^H 

pttncUW  d'Orbigny. 

^^^^^^H 

jmui'fata  var.  nubetristn  Epirer, 

^^^^^^1 

lextilurioideB  li^uss. 

^^^^H 

Faiiiilv  LAGEN1D.E. 

^^^1 

Subfamily  IjAuemn.*:. 

^^^H 

Lajrerm  U[)iL'iilala  JteiiHs. 

^^^^H 

kIoUiwi  (MontHjju). 

^^^^^^1 

ICTacills  WilliaioBoii, 

^^^^H 

murginaU  (Wulki-r  anil  Boys). 

^^^^^^1 

tmlratn  (WalkiTand  .Isicoh). 

^^^^1 

Hiil)fiiniily  Notm>sakin*. 

^^^1 

^^^^H 

ramim.ni«(d'Ort.iKliy), 

^^^^H 

(x>iiaobrina  il'Orbifny.                                                , 

^^^^^^1 

wnBobrina  var.  einaciHta  Keoss. 

^^^^^^1 

fanjmiii  (Soldaoi). 

^^^^H 

fllifoniiiB  (d'Orbigny).                                                                     1 

^^^^H 

oljli<iiia(Uniie).                                                                               3 

^^^^^^1 

,         paupemta  (d'Orbigny).                                                                J 

^^^^^^1 

memeri  (NpiiKeboren). 

soUila  (Reiiss). 

Crif^u-llHriii  arlii-ulnla  ( Reiiea). 

(■a8sif(Fichtel  ami  Moll). 

cn'imiiila  (Fidilfl  and  Moll). 

crepidulu  var.  iclailiiid  I'liilijipi. 

(Rolmliutt)  jti'rlalidi  .\ildrea«. 

gibliaiVOrllijiTiy. 

rotulata  (Laiuarcki. 

Siil)fiiinily  l'oi.r;>i(iKriiiN,K. 

mMoiti'iior."  roKM, 

I'viKiTiim  c.tnarU-nt.ii'  d'Orbitrny. 

|iynmit-H  d'Orbigny. 

trnnJHtriatu  Hi'ubh. 

Sai-rin:!  branncri  RajM. 

|■alif.lrllU■nsi^-  ll.iaK. 

ol.'nfTiita  ItUKir, 

Fiimily  (iLOBIGEHLMD.K. 
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FaniiJv  ROTALIDiE. 
Su})faniilv  RoxALiNiE. 

Discorbina  alloinorphinoidos  ( Rtnisn) . 
Triincatulina  lobatula  (Walker  and  Jacob). 

pygnijt»a  Hantken. 

variabiliR  d'Orbigny. 

wucllerstorfi  (Sch wager). 
Anomalina  aiiinionoid&s  (Kenss). 

ariminenHis  (d'Orbigny). 

grow<en'goj»a  (Gumbel). 

rotula  d'i)rbigny. 
Piilvinulina  auricula  (Fichtel  and  Moll). 

brongniartii  (d'Orbigny). 
Rotalia  beccaj* ii  ( Linn^) . 

eoldanii  (d'Orbi(^y. ) 

Family  NUMMULINID.*:. 
Subfamily  Polystomellin^. 

Nonionina  boueana  d'Orbigny. 

communis  d'Orbigny. 

pompilioidefl  (Fichtel  and  Moll). 

umbilicatula  (Montajru). 
Polystomella  crispa  (Linnc). 

BIBLIOCIRAPIIY. 

AoAKSiz,  Alkx.\nder.  a  contributi<»n  to  American  Thalassography.  Three  cruises 
of  the  r-nit*?d  States  Coast  and  (feodetic  Survey  steamer  Bhke.  Bull.  Mus. 
Comp.  Zool.  Harvard  O^IL,  vols.  14,  15,  1888;  and  two  vols.,  8°.,  London. 

.     Report  upon  deep-sea  dredgings  in  the  Gulf  Stream  during  the  thinl  cruise  of 

the  Tniteii  States  steamer  Hibh.  Bull.  Mus.  Comp.  Zool.  Harvard  Coll.,  vol.  1, 
pp.  363-:W>.     1867. 

Andreae,  a.  F/in  Beitrag  zur  Kcnntniss  des  Klsasser  Tertiiirs.  Abhandl.  Geol. 
Specialkarte  Klsass-Lothringen,  vol.  2,  pt.  8,  pp.  331,  pis.  12.     1884. 

.     Die  Foraminiferon-Fauna  im  Septarienthon  von  Fninkfurt  a.  M.  und  ihre 

vertikale  Verteilung.  Bericht  Senckenbergische  naturf.  (iesellsch.  in  Frankfurt 
a.  M.,  pp.  41^-51,  2  tigs,  in  text.     1894. 

Ba(1(j,  R.  M.  The  Cretaceous  Foraminifeni  of  New  Jersey.  Bull.  V.  S.  Geol.  Sur- 
vey No.  88,  pp.  89,  pis.  ().     1898. 

.     The  Tertiary  and  Pleistocene  Foraminifera  of  the  Middle  Atlantic  8lo|ie. 

Bull.  American  Paleont.,  vol.  2,  No.  10,  pp.  «8,  pis.  3.  March,  1898.  Ithac-a,  N.  Y. 
Systcmati*'  Paleontology,  Eo<'ene  Protozoa.     Maryland  (fef)logical  Survey, 


F/Ocene.  pp.  23.'{-2r>K,  pis.  Ixii-lxiv. 
Bailey,  J.  W.     Microscopical  examination  of  soundings  made  by  the  United  States 

Cr)ast  Survey  of  the  Atlantic  (^>a«t  of  the  United  States.     Smithwmian  Contrib. 

Knowle<lge,  vol.  11,  art.  3,  pp.  15,  pi.     1851. 
Brady,  H.  B.     Report  on  the  Foraminifera  dredged  by  H.  M.  S.  ChaUeiigery  during 

the  years  1873-1876.     Reports  of  the  Scientific  Results  of  the  Voyage  of  H.  M.  8. 

Challenger y  vol.9  (25or)logy),  pp.  814,  with  volume  of  pis.  115. 

Bull.  268—05 2 


t8  UIOCHNK  POIULBIIHIFBIU  FBOU  OjUJFOBHIA.        im^mT 

.Bb»ik:k,  Kknbst  Vjx  db,-*.     fttwie  siir  im  tV.raiiiliiiiOren  Av  In  Hartwdc  (AntilUvt 
reciicillia  par  U  Agansii,  etc.     Mm.  (if  In  Sue.  hclfii>  aiicnwi'..  viil.  11.  p.  55,  pl». 
ii,  iii.     1870,     Bruiellw. 
Btnuiows,  II.  W.    TheFiiMiminifMaoftheThwii't  lii-'lsrif  H^wi'll  Itay.     tVm-.  lii"-!, 

AiiBUi\,  vul.  16,  pw,  1,  a,  18Sr,  pl«.  5,     IiW7. 
BtmnuwH,  CiiAi-HAH,  nad  Baii.st,    Th«  Fonuninileru  at  the  Ht<l  Chalk  of  Vorkshir*. 
Noriolk,  and  Mncolnshirp.    Jour.  Roj-.  Microsc.  Soc.,  pp.  SiB-SWi,  pin.  «ii-xi. 
1S90,     Lomloii, 

CAWBvrfin,  W.,H.,  Rvrkkk,  ftnd  Junkh,     latnxluctiim  lo  the  Study  of  ttia  Fwrajiii- 
nif«ra.     Kay  fiorfety.  4°,  pji.  3lll.  pla.Sif.     ]!«2.    Londmi. 
'Chapman,  Fkeukhiok.    Kt>ntuiiiitem  Irwin  tlie  Tertinry  of  CAltfnmuL     I'lvc.  ('all' 
tornlfi  Xeful  6r4..  ser.  3,  vol.   I.  No.  H,  pp.  21I-^2«M.  plx.  xix,  xxx.     IflOD.     Han 
Fntncipt'O. 

Dkrviki'X.   KnMANM).     Lr  <'rinciiiirit<  tcncuuii^  del   Piemniite.     Boll.  Boc..  gtol. 
Italiana,  vol.  10.  No.  1,  with  one  plst«.     Roma. 
— — .     11  gpnerp  CHstfllKriii  Laiiiiirck.  studialii  iielle  mie  ep««ie,     B"!!.  Sac.  gcol. 
ItalUns,  vol.  10,  pp.  ,W7-«*2.     IHfe.     Roma. 

.     Le  Nodoearie  tortUHi-  tiel  Piettioiil^.     Boll.  8ol\  ^iI,  ilftlluia.  viil,  12.  pi, 

4,  pp.  ."iflT-flai.  pi.  V.     1893.     HoniB. 
EooBB,  Johann  Urobo.     Fomminiterpn  nus  dt>ii  Meer««grundprpb«n  (telotliet  von 
1971  bis  187fl  v..n  B,  M.  8.  tliwlh.     Al.han.ll,  K.  Iiayer,  Akad.  WJbb..  pp.  v-  ZStt. 
pill.  SI.     1893. 

.     Foesile  ForaminifeKn  von  Monte  Bartoloineo  tuti  iiAntaaee.     ilahntwr. 

Naturhbt.  Vereirw  Pa«au,  vol.  16,  IS85,  pis.  K  ^m 

o'Obbiqkv,  a.  D.     Voyage  dans  I'Ani^riijue  Mi^ridiouale.     Foranilnifdree,  vol.  K|i^^| 
6,  pp.  S6,  pte.  9,     IS39.     Pnris  and  Struoburg.  ^H 

— .    Foratninif^ree  (oBsilaa  dii  batain  tertiaire  ile  Vitaine.    Pla.  SI,     IMH,       ^H 
'"'P.^BKKH,  W.  K.,  and  ,Io.M>.  T.  R.    (In  wime  Foramiiiifera  from  thp  ICorth  AtltuHir 

Ixjudon. 
Scni'BBRT,  UicH.  Joii.     Uel)er  iliu  Foramitiiferen fauna  un<l  Verbreitung  defl  nonl- 

mikhrixchen   Miodint«^li'.     Sitzun^ber.   Deutach.    naturw.-med.   VerviofH   fur 

Bohmen  "Lotos."     lUOO,     pld,  2. 
Skersokn,  C,  D,     a  Bibliography  of  the  Foraiiiinifera,  Recent  and  Foeeil.     From 

1566-188K.     I88K.     London. 
-.     An  Index  to  (he  Genera  and  S|jecieH  of  the  Foraminifera.     (Part  I)  Smith- 

Bonian  MIbc.  OiII.,  Xo.  8.W,  Nov.,  1893;  (Part  II)  ditto.  No.  1031,  Feb.,  1896. 

8°.     Washington. 
TofTKOwnKi,  PAri-     Index  biWiographique  de  la  litt^rature  sur  lea  Foraminifi-res 

vivantP  pi  f<i!<nileii.      (1888-1898.)     1898. 
N.  B. — Only  tho  more  important  report  are  given  in  this  bibliographic  list.     A 
fuller  aecount  of  Amerieaii  papen*  in  wliieh  referenee  to  Foraniinifera  is  made  ie 
found  in  the  author':>  preceding  papem  referred  to  in  the  above  list. 
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Family  TEXTULARID^. 

Subfamily  BULIMINiE. 
Genus  BrLIMINA  (l'Or})igny  (1820). 

BuLiMiNA  AFFixis  (rOrhigny. 
PI.  II,  fig.  I 

Btilimimi  affini^  d'Orbijrny,  18iW,  Do  la  Saj^ra,  Hist.   Physiq.,  etc.,  do  Cuba,  Fora- 

niini feres,  p.  105,  pi.  ii,  fign.  26,  2(i. 
Bulimina  onUnin  Reus8,  1850,  Ilaidinger'^  Natiirw.  Abhandl.,  vol.  4,  p.  H8,  i>l.  iv,  lijr.  9. 
BitJimina  affiniH  Brady,  1884,  Challenger  Report,  vol.  9,  pp.  4("K),  401,  pi.  1,  ligs.  I4a,  b. 
Bnlimma  ajfhiix  Sherbbrn  and  Chapman,  188(),  Jour.  K<»y.  Microse.  Sor.,  ser.  2,  vol.  H, 

p.  743,  pi.  xvi,  fig.  1. 
Bulimlnn  affinis  Egger,  1895,  .Tahrslx^r.   Xatnrhist.  Ver.   Pa.<san,  vol.  1(>,  i)p.  14,"  15, 

pi.  iv,  figs.  4,  5. 
Biiiimitut  (iffiniH  Chapman,  UKX),  Prw.  California  Acad.  Sci.,  ser.  .'J,  vol.  I,  No.  8,  p. 

244,  ])1.  xxix,  fig.  4. 

liulhnunf  njtrnlx  in  it**  ovate  chamctiM*  and  few  ehani})ers  resembles 
Ii,  mHitii  d'Orbigny  and  B,* j)H//o!</r.s  d'Ovhigny,  The  arrancjcMnent  of 
chambers  in  Ii,  njfinU  is,  however,  more  tapering  at  the  distal  end, 
while  B,  puj[}<)kh^  has  shorter  secrnients.  The  species  occurs  fre~ 
quently  in  the  California  Miocene*.  Its  geological  range  is  very 
extensive,  as  it  is  found  in  the  lower  (xreensand  of  tii(»  Knglish  Creta- 
ceous. At  the  present  time  it  is  found  in  the  North  Pacific  andwest 
of.Patagonia.  D'Or})igny's  single  specimen  came  from  the  shore  sands 
of  Cuba. 

"Bulimina  nrcHiAXA  dX)r})igny. 

PI.  II,  tig.  2. 

Ilniiminti  hurhimm  d'Orbigny,  184(i,  Foram.  Fos.**.  Vienne,  p.  18(>,  ]»1.  xi,  figs.  15-18. 
Buiiminn    hnchiaiia    Carpenter,    l*arker,    and   .lones,    1862,    Introd.    Study    Foram., 

pi.  xii,  fig.  19. 
Bfilhnina  bwhUma  Brady,  1884,  Challenger  Rej)ort,  vol.  9,  pp.  407,  408,  pi.  Ii,  figs. 

18,  19. 
Bulimina  bnchiano  Bagg,  1898,  Bull.  American  Paleont.,  vol.  11,  No.  10,  pp.  .S15,  316, 

pi.  xxii  (2),  fig.  4. 
Bulimina  huchiana  Chapman,  1900,  Proc.  California  Acad.  Sci.,  i*er.  3,  vol.  1,  No.  8, 

pp.  244,  245,  pi.  xxix,  tig.  5. 


3tl  MTOCBS&  FOUMUrtE&HA  rBOU  CAUFOBKIA.       fMtBk.MB- 

'IVst  mHoiI  iind  Htout.  triwnal,  taperiug;  postBriur  end  ncutvly 
foiiinled,  iinterior,  obtusi-;  segiuenlw  distinct,  alighlly  itiftatftd;  nurfar* 
of  Bheil  marked  by  definite  longitudinal  costa',  which  Bxtcnd  with 
varying  longths  two-thirds  or  less  upward  from  initial  chnnilwr.  In 
ty|)i(-al  forum  thesu  reach  to  within  onu-third  the  imd  of  tho  final 
(•egiiient. 

The  length  and  aize  of  this  apcoies  are  variable,  but  the  ntoiitly  built 
form  nod  surface  decoration  serve  to  identify  it.  Sometimes,  as  in  the 
California  specimens,  the  striw  are  so  delicate  as  only  to  be  visible  in 
reflected  light,  while  again,  as  in  the  specimens  tlie  niithor  found  in 
well  Imnngs  at  Norfolk,  Va,.  they  are  large,  deep,  and  remarkably 
sharp. 

The  gi'olojricul  range  of  the  species  is  from  Eocene  to  Recent. 

Prof.  II.  B.  Briidy  remarks  that  thia  apei^ies  inhahiti^  fairly  deep 
wiiti!r,  and  further  adds  that  while  it  i^  ubundant  in  the  North  Atlantic 
it  hiiH  not  been  found  in  the  North  Pacific-.  He  conpiders  that  /}uUmlna 
ivjfata  and  JhiUmina  rvuitmlii  tire  closely  relftt«d  to  the  pwwcnt  upt'citw. 
Compared  with  the  prtwinil  form,  liuUmitm  itijiiita  is  of  similar  size, 
but  the  costiB  are  short  and  ai-e  extendi^d  beyond  the  margin  of  the 
chambers  in  the  form  of  spines:  B'lfmina  rmtmtit  is  emsUer, 
indistinct  segmentation,  and  the  costtu  covpr  the  entire  shell. 


BuuMiNA  ELKGANfl  d'Orbigny. 

I'l.  II,  fijr.  .!. 


i 


llulimim  elegaii*  d'Orbigny.  I82<i,  Annulet  Sciencef  .Natnrellet;,  vol.  ",  p.  270,  Ko.  10, 

Mortele  No.  a. 
IluHinina  eiigiiia  Parker,  Joiien,  and  Brady,  186.%  Ann.  Mag.  Nat.  Hist.,  wr.  A,  vol. 

Ifi,  i>.  20,  pi.  ii,  fi^.  fH. 
B<iliiiiin<i  eh-iinm  Bra.ly,  ltW4,  Challen)ier  Itt-port,  vol.  fl,  jj.  3S8,  pi.  I,  ligs.  1^. 
Biitlmina  eleg'iux  JoneB,   IKfti,   Mem.   Foram.  Cnm,  pt.  2  ( I'ftl.  Soe.|,  pp.  Iti2,    IS:), 

woiKloiit,  tip.  17. 
BiiUmiiiii  I'kgnii'  WnoilHiini,  1898,  .lour.  New  York  Mtcroar.  8cx-.,  pp.  1,  8. 
liullinim  •■leuoiix  Cliapmsti,  iWX),  Proc.  California  A<ad.  Sci.,  eer.  3,  vol.  1,  So.  8, 

p.  L'44,  pi.  xxix,  lij;.  :i. 

Test  small,  with  rapidly  expanding  triserial  chambers,  which  ai-e 
globose,  with  deep  depressions  between  each.  Professor  Brady  con- 
sidered this  fonii  (IS  ti  centnil  typ<i  of  a  somewhat  numerous  group  of 
recent  BuliniiTin'. 

The  geological  I'mige  of  the  species  is  from  Upper  Cretaceous  to 
Recent. 

Mr.  Chapman  deserilH>s  it  from  the  upjwr  Chalk.  Egger  from  the 
older  Plioc<'ne,  T.  Kiipert  .lones  from  the  Pliocene  of  England,  and 
Woi)dward  frotn  the  Miocene  of  New  Jersey  and  Alat>ama.  The  s(w- 
cies  is  common  in  the  Cidiforniii  Miocene  matciiai. 
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BuLiMiNA  ELECJANTissiMA  crOrbigny. 

PI.  II,  fig.  4. 

Bulimina  elegant M ma  d*C)rbigny,  IHIW,  Foram.  Amerique  M6ri(l.,  p.  51,  pi.  vii,  figs. 

13,  14. 
Bnlimimt  ele(jantinHima  Williamson,  IH58,  lit'oeiit  Forani.  (ircat  Britain,  ]).  64,  pi.  v, 

figs.  i;W,  i:i5. 
Hulimhui  pulrhra  Terqueni,  1H82,  Mem.   S<k\  (icol.    France,  ser.  S,  vol.  2,  ni^m.  8, 

J).  114,  pi.  xii,  (igs.  8-12. 
BtUwwta  elegmdimma  Brady,   1884,  Challenger  Report,  vol.  \\  pp.  402,  403,  pi.  1, 

figs.  20-22. 
Bulimina  elegantimma  Wo^xlwanl,  1898,  Jour.  New  York  Microse.  Soc,  p.  3. 
BlUimina  elegantimma  (chapman,  1900,  Proc.  California  Acad.  Sci.,  ser.  3,  vol.  1,  No. 

8,  J).  243,  pi.  xxix,  fig.  2. 

'^The  test  of  Jiulirnina  tflegantUs!ma^  as  portrayed  by  d'Orbigny, 
is  distinctly  and  regularly  spiral.  It  consists  of  from  two  to  three 
convolutions,  the  last  of  which  occupies  more  than  three-fourths  of 
the  visible  shell.  The  chambers  inimber  from  seven  to  ten  in  the  • 
final  whorl;  they  are  long  in  the  direction  of  the  axis  of  the  test,  nar- 
row and  obliquely  set,  and  the  sutures  are  only  slightly  excavated.''" 

The  California  forms  which  ])elong  under  this  species  are  smaller 
than  some  of  the  other  Bulimina^  associated  with  it,  and  their  cham- 
bers are  not  so  definitely  arranged  in  triserial  oblitjue  spire  as  in  the 
more  typical  forms.  The  species  is  not  uncommon,  and  Chapman 
states  that  it  is  frequent  in  the  Miocene  of  Santa  Clara  County,  Cal. 

As  a  fossil  it  is  first  recorded  from  the  Eocene  of  the  Isle  of  Wight 
(Brady),  in  the  Eocene  of  Paris  (Tercjuem),  and  in  the  post-Tertiary 
clays  of  Norway.  It  is  found  at  very  shallow  depths  in  existing 
oceans. 

Bulimina  klongata  d'Orbigny. 

PI.  II,  fig.  5. 

Bulimina  elangata  d'Orbigny,  1826,  A nnales  Sciences  Naturelles.  vol.  7,  p.  269,  No.  9. 
Bulimina  eJangata  d'Orh'iiiny,  1846,  Forani.  Fosv.  Vienne,  p.  187,  pi.  xi,  figs.  19,  20. 
Baliminn  eocena  Ilantken,  1872,  Jahr.  K.  luigar.  geol.  Anstalt,  vol.  1,  p.  136,  pi.  ii, 

fig.  16. 
Bulimina  eUmgata  Hantken,  1875  (187()),  A  magy.  kir.  foldt.  int.  evkonyve,  vol.  4, 

p.  52,  pi.  X,  tig.  7. 
Bulimina  elongatn  Brady,  1884.  Challenger  Report,  vol.  9,  pp.  401,  402,  pi.  11,  figs.  1 

(and  2?). 
Bulimina  elongata  Woodward,  1898,  Jour.  New  York  Microsc.  Soc.,  ]>.  1.  * 

Bulimina  At tngatn  Bagg,  1898,  Bull.  .American  Palwjnt.,  vol.  2,  No.  10,  p.  316. 
Bulimina  elongata  ChajHiian,  1900,  Proc.  C'alifomia  Acad.  Sci.,  ser.  3,  vol.  1,  No.  8, 

p.  243,  pi.  xxix,  fig.  1. 

The  test  of  liuUmina  elongata  is,  as  its  name  implies,  much  attenu- 
ated, though  it  tapers  but  slightly  from  end  to  end.    The  segments  are 

"  Hrndy.  (nmlktiger  Report,  vol.  9,  ItSM,  v>  ^(^ 
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■  uliorl.  ovul.  auit  sutiii'wlmt  irregularly  iirrurifrt^d  wiUi  luhiiliitod  mar- 
;  jfiiijt,  not  nniiKith  »s  in  H.  tinhrhmtit  I{«>u!.s  whicli  it  somewhat  re«eni- 
'  Tiles,     Till!  {irmiordiiil  km\  is  slmrply,  th«  anlwrior  ohtiwoly.  rounded, 

with  niimeroUH  chaRilirrH  of  irrejiular  niiw  BPimrat«d   liy  dt'prewifd 

wptu.     Th<>  ultiumlf!  phftmlxT  in  providwl  on  iti*  Jowvr  surfftw  with  a 

couinuL-MhRpod  sperturc. 

This  is  n  very  roimiioii  form  in  thi'  (lulifornitt  Miwainc.     x\s  h  fowil 
'  jtK  nai'liest  apiiwirnncr  is  in  tht*  lower  Tntiary.     Brutiy  mentions  Ww, 

epccii'K  lit  dcplbs  of  *i:{ll  Tntlioins  in  th<'   North  Atiiititii-  iiml  of   l,4^:> 

fathomH  in  tin?  South  Atlantic. 

Hn.iMiNA  ovATA  frOrhignv. 

I'i.  irt.  Hk,  I. 

.Ba(ij/iJM«niM.r(lrl)igny.  18W.  Foraia.  Ku»b,  ViLime.  p.  IWi,  pl.'xi,  flgs.  18.  1*.^ 
.Bidimiaa  jinlunctihUa  CiiBtu,  IXSa.  AIti  Annil.  I'ontanuitui,  vol.  7.  p.  XU,  pi.  Xt^ 

il)t.  i:i. 
■£uiimina  araw  PHrker  wui  Jouob,  1811.^.  I'liilw.  Tmne.,  vil.  IW,  [i.  374.  pL  5 

flg.  RTn,  R7li. 
•iBuJimiwi  .»■«(«  Bmd)-,  1884^01iaUHij«er  LU'|K>rt,  vul.  «.  p.  400,  pi.  1.  Um.  13ii.U 
.BiJimina  oivita  Kggtr,  1895,  JuliraU-r.  N'nturbiKl.  Vi;r.  PiiMgiu,  vul.  lit,  |i.  15,  {d.l 

fitt'  Ua,  h. 
The  tuHt  U  I'htiriiclvrizud  hy  itti  ovhI  outline.  From  th»  cylindriuil 
itienter  the  »h.v\\  tapctv  rapidly  at  each  nud  and  thnM>  are  roundad,  not 
point^-d  as  in  IhiUi^h.n  rz/SV;/-.  Thi.s  spi-ci^s  is  K-ss  fn-i|u.'iit  tluin  IS. 
iijf/iiiK.  whirh  it  ulosi'ly  iv.si'uihles.  Its  gi-olofjical  dit^ributiou  begins 
witii  the  Kocfnc  luid  it  is  coninioii  in  shore  sands  of  the  British  Isles. 
In  the  Ncntli  Atlantic  it  occurs  at  various  depths  down  to  1,400 
fathoni.s.  in  tlie  South  Atlantic,  Brady  records  its  occurrence  ae  deep 
as  '2,200  fathoms  aiul  in  the  .South  Pacific  at  from  J  5  to  580  fathoms. 

BiUMiNA  i-upoiKKM  d'Orbigny. 

I'l.  Ill,  lijr.  2. 

hnliiiihia  /hiihiuIiv  ri'Orbisi'J-,  ItMC,  Forani.  Foes.  Vienne,  p.  1H6,  pi.  si,  figs.  11,  12. 
Jliiliiiiiii'i  ;i";ki'(/'»  Williaiuficiii,  IHtH,  Kecpiil  Korani.  <iTeat  Britain,  p.  62,  pi.  v,  fiitp. 

124,  lii. 
Jtulimimt  iiv/H-hl-"  Ti-rriiri,  1K«0,  Atti  AhmO.  TontiBcia  Nuovi  Lincei,  vol.  33,  p.  193, 


pi. 


.  :!ii-:!4. 


liiilhuimi  /..(/M»r/,..  lJrnil> .  1M.S4.  (■lm)len^^■^  Ueimrt,  vol.  i»,  pp,  400, 401,  pi.  I,  (ip.  15a,  I.. 
l!,<Hmi„.f  i-'i-i.l.:-  lilliT,   IWir..  ,l;iIit>.|icT.    .Natur!ii>-1.  V.-r.    Pat-nau,  vol.    US,    p.  14,  pi, 

'IVsl  conijjoMcd  of  rapidly  onl!ii>riii.si  oval  segments  arranged  spirally 
iinil  wilh  di'piTs.sfd  septal  lines  lietween  each.  The  initial  chamlx^r  is 
mil  ;i-.  -Ii;ir|)  iiui!  the  terinimition  is  less  acute  tliaii  in  Bitlimimi  iiJ^h/m. 
whicli  il  closely  rocnihles.  It  is  not  so  rcguhirly  linilt  as  BuUmlw, 
•  '•■iiti:  and  the  sci.'inents  arc  nioiv  di-tinct  and  se|>ai'ate.  The  throe 
foini-iirc  s<.  nciiHy  related  ihat  it  is  dillicnlt  to  decide  with  certaintv 
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into  whicli  division  the  Hpeciiuciis  should  be  placed.  It  would  have 
been  wise  to  have  made  these  forms  varieties  of  one  species,  but  they 
have  been  held  as  distinct  so  long  and  by  so  many  authors  that  it 
seems  best  to  kc^ef)  them  as  species  still.  This  form  is  rare  as  com- 
pared with  other  types  in  the  California  Miocene.  The  sj)ecies  has  a 
length  of  0.25  mm.  (xeologically  the  species  has  the  same  range  as 
its  relatives,  but  Woodward  and  Thomas  report  it  in  the  ('retaceousof 
Minnesota.  The  shallow-water  deposits  of  many  oceans  yield  speci- 
mens of  linJInuiw  papof<l*'t<^  and  it  ranges  from  shoal  depths  down  to 
1,000  fathoms. 

(ienus  BOLIVIXA  d'Orbigny  (18810. 

lioLIVlNA  .fCNARIENSIS   (Costa). 

PI.  Ill,  %.  3. 

Brizalhut  ,rnarinu<l»  (\>Hta,  1856,  Atti  Awad.  Pontaniaua,  vol.  7,  p.  297,  pi.  xv,  fig. 

1,  A,  B. 
Boliriiui  inutrietutiH  Bra<ly,  1884,  Challenger  Reiwrt,  vol.  9,  p.  423,  pi.  liii,  tigs.  10,  11. 
liolirma  unarieuHii*  Jones,  189.5,  Men.   F'orani.  ('rag  (Pal.  Soi!. ),  pt.  2,  pp.  169,  170, 

pi.  vi,  fig.  21. 
BoUrhui  inuineiisin  (/tiapman,  UK)0,  Pnn*.  California  A(*a(l.  Sr.i..  ner.  3,  vol.  1,  No.  8, 

p.  24H,  pi.  xxix,  fig.  8. 

The  genus  Boflrlna  is  one  of  the  most  common  t\\y^s  found  in  the 
California  Miocene  and  it  is  represented  by  many  species.  The  form 
(lesiTilied  ])y  ('osta  under  the  term  Bvizallna  has  a  fairly  regular  out- 
line, elongated,  tapering,  and  having  the  surface  marked  by  lines  which 
re.semble  delicate  costie,  but  which  are  said  to  Iw  due  to  two  tubular 
internal  siphons.  The  stria?  in  the  California  specimens  run  about 
two-thirds  up  and  are  very  delicate  and  not  easily  discernible.  The 
presence  of  striations,  the  sharp  peripheral  margin,  and  the  elongated 
flattened  outline  alfonl  means  of  identifying  this  shallow-wat^r  siiecies. 

At  the  present  time  the  best  specimens,  according  to  I^rof.  II.  B. 
Brady,  come  from  the  North  Atlantic,  but  the  sp(*cies  is  found  north- 
west of  Ireland,  in  the  Faroe  Channel,  near  the  Philippine  Islands,  on 
the  .^sQuth  coast  of  Japan,  and  at  the  mouth  of  the  Rio  de  la  Plata. 
Mr.  Chapman's  specimens  w(M*e  from  a  well  in  Santa  C'lani  (.-ounty, 
Cal.  Costa's  sj)ecim(Mis  were  from  the  Tertiary  beds  of  Casamicciola, 
Lschia. 

The  geological  range  is  from  the  Miocene*  to  Recent,  but  the  form 
is  more  abundant  in  the  middle  and  late  Tertiarv. 

BOLIVIXA    I>ir>ATATA    RcUSS. 
1*1.  Ill,  tig.  4. 

Boliuirui  dHattitn  K*mi.»is,  1849,  lX»nkwhr.   K.  Akad.  WMpm.   Wien,   vol.  1,  p.  381,  pi. 

xlviii,  fig.  ir>. 
Httliriwi  dilatata  Terrigi,.! 880.  Atti  AiH-a^l.  F'ontilicia  Nuovi  Lincei,  vol.  I^i,  p.  197,  pi. 

ii,  fig.  42. 


r 


i^AMl 
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dilotala  KraJy.   1)<84,  (.'liHlli<ri|RT  R^iHirt.  vol.  9.  \i.  -UK,  pi.   Ui,  figM.  ^iO,  : 

C  Jwfin'nn  rfiindifa   l-lggrr,   1B95,  JiihrelKT.  NHtiirhwl.   \Vr.  IVuvftii,  vul.   ItJ,  pp.  10,  J 

pi.  i,  %s.  flftf. 

Ifrrfmrui  dUalala  Chapimui.  isno,  I'mr.  Culifi.miu  -Vcsd.  Sin.,  scr.  3,  vol.  1,  I 

p.  WS,  pi.  Jtjcis,  fig.  a. 

Tbe  test  of  B"fii-in<t  iWatufu  is  broadly  expanded  at  iu  liiiai  sejr- 
ment,  and  thu  long  rather  narrow  intprmediat«  chaniberM  taper  rapidl,^ 
to  ihe  initial  clininhpr.  Thi-  lati^nil  luurgins  terminate  aciitwly,  niMJ 
tlie  fonn  x-aries  consideiiibly  in  size,  Ipiigth,  and  amount  of  oxpan- 
fiion,  but  tilt!  fofwil  si>eciiueiis  so  ahundaiit  in  the  California  Miocene 
are  typical, 

K^&  foSiiil  Biiiii'iiiri  dilutata  &rtt\,  appeam  in  the  Mlooone,  and  is 
living  to-day  at  varioiw  stations  in  the  North  Atlantic  Occati.  It  occurs 
in  dredging',^  from  a  few  to  \,\f<()  fathoms. 


lioLIVINA    IHLATAIA    V'ar.    AKC.USTA  EggSI 
I'l.  Ill,  fig.  5. 


I 


Boliwia  dil&tata  var,  anipiMa  EifjgeT,  1895,  Jahreber.  NatDrhi!>t..  Ver.  I 

p.  11,  pi.  i.  liBd.  7.  \1».  b. 
Soliritut  (lUalaia   vnt.  'tnpiuia  Chapuian,  1000,  Proo,  Callfornin  Ai»il.  Kt;!.,  wr. 
vol,  1,  No.  fi,  p.  2*6,  pi.  xxix,  fig.  7. 

The  variety  of  SuUvitM  dilaUtt-t  figurpd  by  Ej^r  under-  the  niuiir 
■iCnjTtMto  differs  from  tbe  type  only  lu  tbe  imlmportaut  featuraeaf  a 
lonffer.  more  tapering  leflt.  an  im-reawd  nnnilHirof  hiteral  i-hambers. 
and  more  acute  ending  of  the  difibil  chamber.  Egger's  forms  were 
from  the  Pliocene  of  Monte  liartolomeo.  The  variety  is  a  little  less 
frequent  than  the  type  in  the  California  Mioi.'ene. 

BoLiviNA  I'liNtrrATA  d'Orbigny. 

PI.  Ill,  fig.  6. 

BoHHna  puncttila  d'Orbigny,  1839,  Forjni.  .Vm^rique  M<?riii..  p.  63,  pi.  viii,  figs.  10-12, 
HoliriiM  mdi-iaa  d'Orbipny,  I84ti,  fi>ratr>.  F.ws.  Vienne.  p.  240,  pi.  xiv,  tigs.  U-13. 
Bolirhfi  imndala  Macilouald,  1857,  Ann.  Mag.  Nst.  Hist.,  aer.  2,  vol.  20,  p.  IM,  pi. 

vi,  UgH.  26,  27. 
Bofithin  jiunetiilii  Brady,  1HS4,  Challenger  Beport,  vol.  9,  p.  41T,  pi.  lii,  figs.  18,  19. 
Bulmm  patKlala  Woodward  and  Tbomfw,  1K84  ( 1885),  Thirteenth  Ann.  Rept.  Geol. 

Nat.  Hiut.  Survey  Minncwrta,  p.  l«!).  pi.  iii,  lig.  12. 
lioli-iii'i  puiu-tnln  Bagc,  l.SMJ*,  lUiII.  V.  S.  (ieol.  Survey  Nn,  88.  p.  33.  pi.  ii,  lig.  3. 

Tliett'st  (if  lii'lirhiii  jninctiifH  is  typically  represented  by  an  elon- 
giitt'd  texinlai'it'oi'in  arrangement  of  short  chaml)ers  and  the  segments 
ui'c  more  iinmcrons  than  in  most  of  the  Buli'-hni  forms.  The  term 
lii'l'i-lii-i  ihilii/Kii  has  i>cen  us<'d  by  d'Orbigny,  Bronn.  Costa,  Egger, 
Tcnigi.  iind  perhaps  othei-s  for  this  same  species,  but  it  seems  best  to 
thf'  writcj-  ti)  icgurd   B.  ttntiijiin  as  a  .synonym  of  the  earlier  name 
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given  ))v  d'Orbigin.  The  specimen  d'Orbigny  described  as  /i,  (mtif/ua 
is  undoubtedly  only  a  moditic4ition  of  //.  pirncffffff^  and  there  is  no  good 
ground  for  separating  tin*  two  even  under  varieties. 

This  species  is  from  th(*  Tertiary  to  the  Uecent.     It  occurs  to-day 
in  all  oceans  and  at  all  possibh*  depths. 

BOLIVINA    PIXCTATA   Var.    SUBSTKIATA    EiTiTer. 


r»r» 


PI.  Ill,  i'm.  7. 

Bolinna  punrinta  var.  mhstrinta  P^jrjjer,   1891^,   Abhaudl.   K.  l)ayor.  Akad.  Wis8.,  p. 

298,  pi.  viii,  fijrs.  4-<). 
Bolivimi  punctfttn  var.  suhstricUa  Ejrgcr,  1895,  JahrslHir.   Naturhist.  Ver.  Pa.ssau,  vol. 

16,  p.  11,  pi.  i,  tij^.  14,  a,]). 

The  form  figured  by  Egger  as  a  variety  of  H,  putu^fata  differs  from 
the  type  by  the  presence  of  a  numl)er  of  Htriations  which  run  from  the 
primordial  chamber  for  about  one-half  the  distance  of  the  entire  shell. 
The  forms  from  California  are  more  slender  than  7?.  panctntu  and  are 
less  abundant.     The  geological  range  is  similar  to  that  of  B,  pumiatu, 

BOLIVINA   TEXTILARIOIDES  llcUSS. 

PI.  IV,  fig.  1. 

Bolhnna  tejiihtrioiffes  Reuss,  18H2,  Sitzunpjil^r.  K.  Akad.  Wisa.  Wien,  vol.46,  p.  81, 

pi.  X,  t\ii.  1. 
Bolivinnte.vtihiriolilt's  (textuitmoi<lef()  Bertholin,  1880,  Mem.  Sor.  (lool.  Fnince,  t*6r.  3, 

vol.  1,  p.  28,  pi.  i  (xxiv),  fig.  5. 
Bolinna  (extilarioldcs  Terrigi,   1883,  Atti  Acc^d.   Pontificia  Nuovi  Liiioei.  vol.   'My^ 

p.  191,  pi.  iii,  fig.  32. 
B<>lhina  lextilarwHies  Brady,  1884,  Challenger  Report,  vol.  9,  p.  419,  pi.  Hi,  figs.  23-25. 
Bolirhm  texi\lari()ide»  Brady,  Parker,  and  Jones,  1888,  Trans.  Zool.  Soc.,  vol.  12,  pt.  7, 

p.  221,  pi.  xliii,  fig.  1. 
Boliiiua  texiilarioid<'»  {fextufanoUIes)  Egger,  1895,  JahrBl>er.  Naturhist.  Ver.  Passau, 

vol.  IB,  p.  12,  pi.  i,  fig.  8. 

liolivuKf  tf\ttHario!(h'i<  is  shorter  and  considemblv  broader  than  Rol!- 

ft 

vina  putH'tata  or  B.  unthpuu  which  it  closely  resembles.  Is  has 
chambers  less  high  or  an^hed  and  the  margin  is  more  nearly  round. 
Chambers  vary  from  six  to  eight  on  each  side  and  the  shcdl  in  general 
appearance  resembles  IWtnlnrhu  but  the  test  is  calcareous  with  fine 
but  very  distinct  pores.  The  original  spelling  of  the  species  is  itHil- 
arioUh'^^  not  U-.tiiiUinoUlcH  as  is  adopted  by  many  authors.  The  orig- 
inal name  should  stjind,  although  Reuss  used  the  old  spelling  for  the 
species,  evidently  after  TcvUilaria^  the  well-known  genus  which  the 
species  resembles.  The  fossil  is  rather  rare  in  the  California  Miocene. 
Its  geological  mnge  extends  from  the  Cretaceous  through  the  Tertiary, 
and  at  the  present  da\^  it  is  found  in  many  localities  in  comparatively 
shoal  waters  and  occasionally  at  considerable  depths. 


MKW'RVR   l»ORAMINIPEfiA    PROM   rAIJPORNIA. 

Family  LAGENID.B. 

Subfamily   LAGENINA;. 

(ipiiiw  LA<;1';NA  Wnlkoi- and  Buyi*(l"H4). 

]jA<(K.NA    Al'IClTLATA    lifUsS. 

vi  rv,  hu,  -J. 


I 


OT  npi-'ul-it,,  Ri'iinH,  1S.V),  n«i-iinger'H  Nulurw.  Mihandl,,  vol.  4,  [.,  *!,  pL  I.  %  I. 
Logma   ajiicuiatu   Rt'iUK,   latU,  t^tttungsber.   K.  Akail.  Wlw,  \Vlt>t],  voL  40,  f.  Sl», 

pi.  i,  flg.  1. 
VagnM  apieuiatii  Joiiee,  Parker,  and  Hnuly,  IHO'S,  Forain.  Crag,  I^il.  &ir.,  vol.  14, 

p.  44,  pi.  i,  fig,  37. 
7x»rmii  Hpitttlata  tlmily,  18144,  Ohiillenifer  Report,  vol.  9,  p.  45:9,  pi.  tvl,  flg*.  4,  I&<t8. 
Ijnyfnn  ofiicuUila  tiherliorii  tmri  Outpiiiaii,  IHWA,  Jour,  lioy,  Mk-nw'.  ^<x.,  afit.  '2,  vul. 

8,  p.  744,  pi.  Kiv,  fig.  U. 

This  form  is  found  murf  frt><)ii<'ntly  i"  fossil  lieds  than  itny  otiior 
«l>uck^H  of  Ijiigeiw^  oucurritig  its  fur  bnck  as  the  LIiln  and  (!xt(!i)<]in;<  to 
thp  preneiit.  It  is  presi^nt  in  all  ocrtAiis  and  at  evi'rv  depth  down  to 
lu'ttrly  .H.(H)0  fHthuiii'i,  The  form  i»  NiiuilBr  to  iMfftwi  (//ofioset,  but  is 
8(^parated  from  it  by  tho  spitiout<  proloiigntton  on  the  poj*tcrior  portion 
of  thi'  mIicII.     Tbe  short  diamoter  of  ibe  only  »ip(M'im<.Mi  of  th!:^  itp<^!i'>« 

LaoENA  (iLOBOSA   (Moiitatju). 

PI.  IV,  li|i.  3. 

IVr«tici/iiwi  gMiosiim  Montagu,  1803,  Test.  Brit.,  j).  523. 

EnlimJtnin  gUJ»mt  Parker  and  .lonw,  11S57,  Ann.   Mag.   Nat.   Hiat.,  wr.  2,  vol.   1», 

[>.  27H,  pi.  xi,  ftKfl.  25-29. 
Entovitenia  ijliAom  W'illianieon,  IH58,  Recent  Foraui.  Great  BriUin,  p.  8,  pi.  i.  (itjs. 

15,  16. 
Tyiijam  fflobuta  Heanit,  I8(i3,  Sitziin)^l>er.  K.  Akad.  Wias.  Wien,  vol.  4(1,  p.  318.  pi.  i, 

lip..'  1-3. 

[jKjam  t/lohom  Terquem,  18T6,  Anini.  Plage  ])unken:[Ue  (2),  p.  67,  pi.  vii,  figs,  vt,  4. 
higenii  gMium  Braily,  1884,  Chalk'n(rer  Report,  vol.  9,  pji.  452,  453,  pi.  Ivi,  fige.  1,  2,  3. 
iMgenn  -/loUvi  Baice.  im»,  Hull.  Aiiierii'an  I'aleont.,  vi)l.  2,  No.  10,  pp.  317,  318. 

Test  siiliglolnilni',  I'lliptii-iil  or  pyriform.  smooth,  anterior  mar^n 
siininwhiil  projcctinff;  cell  walls  thin,  hyalino,  aperture  typically  an 
rntos(  lien  inn  neck.  It  was  discovered  l»y  the  writer  in  the  Pleistocene 
marl  of  CornScUl  Ilarlxir,  Md.,  nnd  the  California  Miocene  has  fur- 
nished one  si>i'eini(ii.  its  ^eoloffieal  ranpc  is  fi-om  the  Jura  to  the 
pci'seiit;  it  is  possible  that  it  existed  in  Carboniferous  time.  It  is 
known  in  every  oecan  and  at  all  <lepths. 
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LA(iKNA  <JKACiiJs  Williaiuson. 

PI.    IV,   fi^r.  4. 

Lngena  gracilU  Williamson,   IS4H,  Ann.  Mag.  Nat.  I  list.,  sn»r.  2,  v<»l.  I.  p.  13,  pi.  i, 

ligH.  3,  4. 
htgena  (imrllift  Keii.'^s,   1XH2,  Sitziinp<lH*r.    K.    .Vkad.   Wiss.   Wion.,  vol.  4H,   p.  :W1, 

pi.  iv,  lijr.M.  r)H-*)l ;  pi.  V,  Wii.  ♦J-J. 
hii/fiiu  t/nirilis  Brady.  18H4,  Challrn^T  Rt'port,  vol.  t»,  p.  4(W,  pi.  Iviii.  tijrs.  2.3,  7-10, 

19.22-24. 

This  finely  costate  or  .striated  Liuj* nn  \^  niiicli  longer  than  iM/jetui 
Mfi/rata^  and  i.s  furtlier  di.stin^iiis|n»(l  hv  the  presence  of  a  small  spine 
at  the  distal  end.  The  neck  is  lon^,  tubular,  and  in  our  specimen 
there  are  oiilv  a  few  striations  aloni'  the  shell  surface.  Brady  consid- 
ers  the  typical  forms  a  modification  of  Lmjtna  c/nrt/ft/.  The  only 
sptM'imen  in  the  presJMit  col  Unction  is  0.2  mm.  in  lcnj«fth. 

It  is  of  world-wide  di.stri})Ution  at  the  present  <lay,  and  is  usually 
found  in  shallow  watiMN,  hut  it  is  known  in  many  inst^mces  to  occur  as 
deep  as  2,775  fathoms  in  the  South  Atlantic  Ocean.  Its  geological 
rani^e  is  from  Cretaceous  to  Recent. 

Lacjkna  mahoinata  (Walker  and  Boys). 

PI.  IV,  %.  o. 

Serpuh  martjiinttn  Walker  and  B<»yH,  1784,  Tot>t.  Miii.,  p.  2,  pl.  i,  fij;.  7. 
Verminiinin  innnjiiuitum  MontUj^u,  1S03,  Te«t.  Brit.,  p.  524. 

(hiliim  ciiinpresm  d'Orhijrny,  1839,  Furani.  Anieriqiie  Merid.,  p.  18,  pl.  v,  fi^.  1,2. 
lAttjenn  fuicatu  var.   mnnjinnia    Parker    and  Jonen,   18*>,5*  PhiloH.  Trans.,  vol.   15.5, 

p.  :y>5,  pl.  xiii,  lij^s.  42-44;  pl.  xvi,  tiji;.  12a,  h. 
I/ujfnn  mnnftnnta  Brady,  18S4,  Challen^rer    Ri»|K)rt,  vol.  9,  pp.  47t),  477,  pl.  lix,  figs. 
*  21-23. 

The  interesting;  sp<^cies  Ijujena  mnrglnafa  was  ol)s<»rvtKl  in  the  Cali- 
fornia Miocene,  but  unfortunately  the  single  specimen  was  lost  in 
tmnsferringand  no  duplicate  was  discovered. 

The  form  observed  was  similar  to  fig.  22,  pl.  lix,  C-hallenger  Report. 
The  test  of  Ijufrmi  ntarti'ntnfn  is  oval  or  nmnded  in  outlin«»,  with  more 
or. less  latenil  compression,  and  with  th(»  {XM'iphery  ending  in  a  carina, 
or  doubh>  ridge  or  groove,  or  in  exceptional  cases  (extended  into  a  Hange- 

like  lamella,  with  a  width  of   one-third   the  diameter  of   the  shell. 

« 

Aperture  is  an  external  fissuriiie  opening,  exUMiding  from  an  (Mitoso- 
lenian  neck.  The  speci<»s  is  widely  distributed  at  the  present  time, 
IwMng  found  from  th(»  most  northt?rn  arctic  wat(*rs  southward  to  the 
Antarctic  Circle,  and  at  every  dt»])th  down  to  H,12.'»  fathoms. 

As  a  fossil  it  first  appears  in  the  ('retaceous,  and  is  described  from 
every  sub.seqiu^nt  formation. 
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UIOCBHB  TOKAMmtFRRA  FROM  CAUTORHU. 
Larkna  suu^ata  (Whlkfr  and  Jacob). 

PL  IV.  liK.  11. 


fitrpiihi  milnit'i  Wiilkcr  aii.l  .Inoib,   I71W,  Ailaiii's  KiwnyH, 
pi.  xiv.  fig.  5. 
'  Offliiia  waleaJa  S*!^eB»u,  1662,  Komin.  Mutuitnl.  .MeesJiui,  p.  41,  pi.  i,  6g.  H. 
,  Itigtuii  tuhatu  \^*r\er  an.l  Joumi.  IHlif),  VhiUw,  TnuM..  vol,  15G.  p.  S.")!.  pi.  xlil; 
24ni.  28-32:  pi,  ivi,  %».  8.  7. 
i^mn  OK/rabi  Bmdy,  IS.S4,  Chttllenger  Report,  vol.  H,  pp.  4IJS,  4ltll,  pi.  Ivil,  A^.' 

flB,  ;!S.  34;  apicalate  tonus,  \,\.  Iviii.  fi^  4.  IT.  18. 
Imgton  Mleaia  Chiipiiitui,  1900,  Proi'.  California  Aiwl.  Rci.,  Mr.  X  vol.  I,  No.  H, 
I  t|i.  :M(t,  |>1.  xxix,  %  (I. 

The  rtfjwiiw  ini-ludi>8  noncomprested  foniw  whit-h  have  Ui('ir  Hurfucf 
(irnanicntfyi  hy  XoagiiaAinfA  coata).  Only  one  Apecimoii  wiw  fotiiid. 
tbr  Cnlifornift  Miocene,  itnd  it  lius  »l«>ut  ten  or  tw^Ivo  d('lii»t«  siipcj-- 
ticial  HtriatiotiH  distinctly  visible  imder  low  pownr.  Tlip  form  ii 
elonpitwl  oviil  with  a  slightly  tixtcndcd  sipiTlurn  nf  \hv  tiNsuriD«  typi-. 
(ipolo^ically  the  fonn  is  one  of  ibi?  oldest  typeB  of  Lagnni  known, 
and  ha«  been  discoverwl  in  npper  Silurian  i>h»Ips  itt  WooUiopc  liy 
,  John  8inith.  It  is  known  in  pvi-ry  latitude  at  drptbct  of  frtmi  a,  few 
'  d'lwn  to  i^.T-lfl  fathoms,  thoiifj-h  the  species  i.-i  normiilly  pn-sttiil 
Hhidlow  waters. 
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Subfamily  NODOSARIN.S. 

CifTm.'^  XOnOSARlA   T.nni.iirk  (l.-^l'l). 

NoDOfAKiA  ADOi.i'iirNA  d'Orhignv. 

PI,  V.  fiK,  I. 

Ih-idaiiiui  iidiilpbiiM  .rOrbigny.  1848,  Foram.  Fohc.  Vienne,  p.  51,  pi.  ii.  iij-s.  18-a>. 
Denlalinn   luMphimi  Bornemann,  IfViS,  ZeitBt-lir.  Ileuterli.  geol.  (ieeell.,   vol.    7,   p. 

■A2i.  pi.  xiii.  Jig.  5. 
Dentdliaa  adolphina  Shtrlxim  and  Chapniun,  188((,  Jciir.  Roy.  Mirrow.  Soi'..  sir.  2. 

vol.  «,  p.  7.50,  pi.  XV,  figs.  11a,  b,  12. 
X'nlonariu   iidnlphi/Hi    Bagg,   189H,   Bull.  I'.  S.  Gt'ol.  .**urvey  No,   NK,  p.   HT   i(i|>ell«l 

erroneouiiily  ailolpliinula). 
Xoiluturlii  adotph'ain  Chapman,  1900,  Proiv  Aca<i.  California  Ai3(l.  Sci.,  et^r.  'A,  \-t>\.  1. 

So.  «,  [..  24t!,  pi.  xxix,  fig.  l(i. 

Ill  lar^fp  typical  specimens  of  .V.  mini ph Inn  the  scffments  are  orna- 
mented upon  the  jxisterior  margin  by  spines,  but  in  the  California 
forms  these  uppeiir  to  I>c  wantiiifr  and  the  shells  are  apparently  young 
and  very  niindte.  The  pecniiar  shape  of  the  eonstrictions  and  seg- 
mi-ntalion  serves  to  furnish  a  basis  for  the  phuing  of  these  California 
specimens  luider  the  aliove-nanied  .species.  The  .species  occurs  fi-oni 
the  Cretaceous  to  Recent,  but  is  chicflv  found  in  the  Tortiarv. 
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NoiK)HARiA  COMMUNIS  (d'Orbigfiv). 

PI.  V,  %.  2. 

Dentalina    rottiiinmiK  '.M'Orbijrny.   1S2(),   Annalen  SoiciKVH  Naturellos,  vol.  7,  ]).  254, 

No.  35. 
Jhrrdnlimi  communis  d'Orbij^ny,   1840,  Mem.  S(K'.  (i<'»ol.   FraiK-e,  vol.  4,   p.  18,  pi.  i, 

\ftd(wariti  couununU  Reiinn,  lH4r>,  Vorstein.  lK)hin.  KrtM<l.,  pt.  1,  p.  2S,  pi.  xii,  fi);.  21. 
Dmlalina   romnnmh   IU*iu'»h,    IHHO,    Sitziinj^lwr.     K.    Akad.     VViw.    Wieii,   vol.    40, 

p.  18«. 
IknUiUna  legnmen  UeiiHH,  18«0,  Sitzunj^nher.  K.  Akad.  WinH.  Wien,  vol.  40,  j>.  186. 
Xodomria  ctninnnnin    Brady,  18H4,  Challenjjer  Report,  vol.  S»,   pp.  504,  505,  j>l.  Ixii, 

figs.  19-22. 
NodoMria   rtntiinnnijt  EgjfiT,  1895,  JahrnlKjr.  Naturhint.  Ver.  Paseaii,  vol.  16,  p.  20, 

pi.  ii,  ligH.  1,  2. 

Only  one  .siwcimen  of  Xot/maria  connnunU  was  found  in  the  luatcrial 
under  investigation.  This  has  but  three  se^ients,  and  is  probably  a 
young  form.  It  is  <^4  mm.  long.  The  segments  are  obliquely  set, 
marked  b>*  (l(»pressed  septa,  not  flush  as  in  .V.  7'orniert\  and  the  shell  is 
slightly  arcuate  as  in  typical  s{x»cimens  of  greater  length.  The  geo- 
logical distribution  of  the  sj)ecies  is,  from  the  Permian  to  Recent,  like 
^.ffircuHrh,     It  is  found  to-day  at  every  depth  and  in  every  latitude. 

NoDOSAKiA  (^ONSOHRINA  (I'Orbigny. 

1*1.  V,  %.  X 

Jk'itliiihin  ronvohriun  d'Orbij^ny,  1846,  Forain.  FoeM.  Vienne,  p.  46,  pl.  ii,  ligs.  1-3. 
Ikntnlmn  ammbr'mn    Neugel)oren,  1856,  Denkwhr.   K.  Akacl.  Wise.  Wien,  vol.  12, 

]).  86,  pl.  iii,  lijr.  15. 
Noiloyiiria  ccnisohrhm    Bra<ly,   1884,  (Miallenger  Report,  vol.  9,  p.  501,  pl.  Ixii,  fijfs. 

23,  24. 

The  typical  forms  of  Nodonaria  Cfmtfobrina  are  marked  by  smooth, 
att<*nuate,  elongat4?d  shells  with  frequently  irregular  cham})ers,  which 
are  not  as  comi>actly  Vmilt  as  in  the  variet\-  of  this  species,  and  with  a 
more  enlargt»d  ultimate  and  initial  chambers,  the  latter  often  j)rovided 
with  a  spine,  as  in  d'Orbigny's  original  figure.  There  are  only  a  few 
specimens  of  this  species  in  the  California  Miocene.  They  are  more 
regular  than  typical  foinis,  and  there  is  no  terminal  spine  upon  the 
primordial  segment.  The  shells  are  similar  to  X,  ('o)isohr!na  var. 
einac!at(u  but  the  smaller  number  of  chambers  and  their  larger  size 
may  be  used  to  distinjjuish  the  two  fonns. 

The  geological  and  geogmphical  range  is  similar  to  the  variety 
effi(fc!fftfi^  described  on  page  30.  The  broken  segments  of  the  speci- 
mens with  eight  chambers  are  0.8  mm.  in  length. 
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NonOSAltIA    roXWJRRINA    vai'.   RMACIATA    tVllKK. 

n.  V.  fig.  J. 

I^mlftlina  fiiiariolii   Itcom.  I8AI,  /A-itM,-lir.  J>futm-h.  ei^A.  litwll.,  vol.  :(,  p.  03,  pi.  U(, 

lig.  «- 
.Vmfytiariu  (/>.)  coiiMibrJno    var,   rmwirUfi    Reiiw,   ISttli,   Denkurhr,    K.  Akiul.   Win-. 

WUoi,  vol.  2S,  p.  IM,  pi.  ii,  lia^  12.  IS. 
AWowrrui  i^nmbriiia  vsr.  riniu»(i<<i   Rrmly,  IMU,  Ohalltinger  Itp[>ort,  vn\,  11,  p.  CMKf,  |il. 

IxU.  tii^.  21).  2S. 
.ViirfowiWd  roniwAn'uu  *»r,  emaaatii  ltiiEK<  '*""*.  """■  !■*■  '^^  't««)l.  Survfry  No.  88,  p.  »*. 
NodomriH  trmtobriTut  VHr,  rjjjrioiibt  RMflc,  IStlN,  (tulL  AiiiHricnn   PftleaiiL,  vnl.  2,  No. 

10.  p.  ."(IH. 

Test  very  \otm,  .immitli.  tajxTinjf  gracof iill.v ,  witli  numerous  roni- 
ptiel,  closely  sot  wgiiiPiits.  unlv  «liglilly  i-xpniiding.  soptimtwi  tiy  j^^i)tu 
but  little  depreHfwti.  i-et  ntiwipht  scrosH  tlie  chamberp.  Similar  to 
yiM/'^n-iu  •iniKiihrimi.  Iml  more  sh-mlor  and  ■•loiiguti-<l  and  with  iiion- 
cbaml»ers  in  proportion  to  itw  length.  Initial  Kegmunt  neatly  roimdwl. 
but  little  iiuirked  off  from  thf  !*i>cund  and  third  cliambfr»,  wliioh  c»u 
not  >>p  easily  Hintinguiuhed.  Only  a  fow  Hpe<aniena  are  preHent  in  tbe 
California  Miocuni'.  TIk?  spfrii'sisfonnd  in  all  rt>pk>ifpomCrctAt!iJO(w 
t*)  Kecent. 

Bi-ady,  in  tin-  Clinlieuffi:!'  Uqxirt.  stiitrK  tlint  the  spi-cioj*  i«  living  in 
the  North  Atlantic  at  depths  of  fmni  3!»0  to  7^5  fathoms;  tn  tlie  South 
Atlantic  at  S5U  ^thuuia:  off  thu  Cape  uf  Good  Eupe  at  1&()  fftttiotns.*, 
iiMil  in  the  South  Pncitic  from  12H  to  I,;?"''  fathouiH.  No  wpecimeUH 
were  obtiiirii-d  liy  the  Challent.'ei'  from  tlie  North  Pacitic.  Length  of 
broken  .sperimeii  of  ten  chanilKTS  is  1.1  mm. 

NoixwAitiA  KAR<'iMKN  (SoMani), 

fl,  V.  li^r,  h, 

OrlhiiferiiK  I'arriiiifii  SoWani,  I7!ll,  Ti-staceiiKi^pliia,  v..l.  1,  pt.  ■>,  p.  !»8,  pi.  cv,  tin.  0. 
ItfHlnlhiii  /•/•riiiiKi.    Roiias,    IKfil   {llt&i).    Bull.   Acad.    Roy.    Itflpiliie,  w-r.    2,   vol. 

15,  p.  14ll,  pi.  i.  lis-  1«. 
.\,^l<m>rl.,  y.irrimn.  Rra^y.  IH84,  ClmllfnpT  RepoH,  vnl.  ».  pp.  4«8, 499.  jil.  Ixii,  Hrc. 

17.  IS.  iiikI  w.HxIrHtc.  p.  499. 
.\i»l.;<iria  ffii:-ii,.i;i  EIhub,  1H9M,  Bull.  I'.  S.  licol.  Siiirey  No.  88,  pp.  3S,  39. 
y.^liia-ii-M  J'imim--u    Haas.  189N.  Bull.  Anii-rLran    Paleont.,    vol.  2,  No.  10,   pp.  2-1,  2li, 

pi.  i,  lis.  ■-'. 
.\„,h.mrl.i  joirhn.:,  Chapiiiiin.  liKXI,  I'n"',  CalilomiB  A.wi.  Sd.,  m'T.  H,  vol.  I,  No.  S. 

]..  24H,  1.1-  NNix,  fi;;.   !:l. 

The  test  of  .\i><his<i,-''<  fun'iiu.  i>  ron^ists  of  ji  wniall  number  of  smooth 
-M'jrmoiits  ({TOiiiTiilly  l.'.-is  tiiiin  ten)  sc|Minited  by  straight  instead  of 
<ib]ir]iie  septii,  :is  in  .\'.  ri'iniKiiiiiK.  wliii'h  thi'  sfK-cies  resembles.  The 
i-!iinnbi'i-s  iiro  Iniijffr  tlian  in  .V.  snh'f'i.  and  in  the  typical  forms  con- 
striclfil  riitliei-  deeply,  fjich  suecccding  chambci'  enlarging  rapidly. 
'i'hf  >hell  i-  curvisl  .ind  liie  nipple-sliajiwl  aperture  is  lo<-ated  on  the 
iimor  marjfin  of  tbo  rune  in  a  ])rolono-ation  of  the  ultimate  segment. 
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The  length  is  oxtrtMiioly  variable,  being  2.8*2  iiini.  in  th»>  Cretaeeoiis 
specimens  and  only  l.lo  mm.  in  the  Maryland  Eocene.  The  California 
forms  are  smaller  yet,  and  an*  so  fragile  that  entire  specimens  are 
extremely  difficult  to  obtain.  The  best  form  in  the  present  collection 
has  eight  segnxMits.  The  g(H)logical  Jige  of  the  species  goes  back  to 
the  Permian,  and  in  existing  seas  it  is  known  at  almost  every  depth 
and  in  everv  ocean. 

NoDosAUiA  FiMFORMis  (dX)rbigny). 

PI.   V,  i\i£.  «. 

XtKl(*H(trla  Jitiformis  iVOrhi^ny,  182H,  AiinaU*8  Sciencen  Natun»lleH,  vol.  7,  No.  14, 

p.  2o:{.' 

Xixiftstirin  fitijormix  lira<ly,  1884,  C-liallenj^er  R€i)<>rt,  vol.  9,  p.  501),  pi.  Ixiii,  lij?8.  3-5. 

The  type  represented  by  Nodonarla  ^^'UformiM  has  lHM»n  desiTibt^d 
under  a  variety  of  names  which  are  given  in  the  list  of  references  in 
the  Challenger  Report.  This  synonymy  is  probably  incomplete. 
•  The  shell  is  verv  long,  slender,  delicately  built,  slightly  curv^nl, 
and  \vith  many  short,  oval,  smooth  .segments  which  taiHM*  gracefully  to 
the  primordial  «»nd.  The  s«»pta  are  stmight,  depressed,  not  obli(|uely 
set  as  in  N,  nmt imin Ix  x\ni\  the  ultimate  chamln^r  is  prolonged  into  a 
nipple-sha|HMl  aperture. 

This  species  is  not  uncommon  in  the  C^alifornia  Miocene,  but  only 
fragments  can  be  obtained.  It  is  found  in  the  Lias  and  every  suc- 
ceeding formation.  It  occurs  in  dredgings  from  a  depth  of  a  few  feet 
to  about  500  fathoms,  but  is  not  widelv  distri})uted. 

NoDOSAKiA  oKLiguA  (Linnc). 

IM.  V,  liff.  7 

Sautilii*  ohliquu^  Liniu\  17H7,  Syst.  Nat.,  12th  cnI.,  pp.  281.  116.S:   1788,  i])id.,  13th 

((imelin's)  imI.,  p.  :W72,  No.  14. 
Orthorrra  ohiif/ua  I^inarrk,  1822,  Aiiiiu.  sans  Vert.,  vol.  7,  No.  4.  p.  594. 
Ihn^taliun  o/>//</»r/i .Jonen,  Parker,  and  Bra<ly,  186*5,  Fonun.  (-rag.  Pal.  Soi'.,  vol.  19,  p.  54, 

pi.  i,  lig.  9. 
Xoiiomria  oUUpu}  Brady,  1884,  Challen^fer  Kt»j)ort,  vol.  9,  pp.  513,  514,  pi.  Ixiv,  figp. 

2()-22. 
SoilnMiria  tHiqua  Bajru.  18W8,  Bull.  V .  S.  (n»ol.  Survt-y  No.  >*>>■>>,  p.  41. 
XiHiinmria  ohViqini  Bjigjr.  1898.  Bull.  Anieriran  Paleont.,  vol.  2.  No.  10,  p.  320. 
Xotfoynria  (thfiqan  Cliapinan,  UKK),   Pnu*.  California  Acad.  St'i.,  ser.  3,  vol.  1,  No.  8, 

p.  249,  pi.  xxix,  fi^r.  17. 

This  species  is  exceedingly  variable  in  si/.e,  length,  and  arcuate 
character,  but  the  obliquely  set  striations,  which  run  in  more  or  h\ss 
conflicting  ends,  together  with  the  distinct  ventricose  segments  with 
depressed  septa,  serve  as  sufl[icient  aids  in  the  determination  of  even 
fragments  of  this  interesting  species.  If,  as  Brady  and  other  authors 
hav^  done,  we  include  all  forms  with  very  numerous  oblique  stria- 


>  ticiiM,  Huch  Its  /J''n(a/ina  enn^fiat^ns,  N'liiomrki  /"il^^tMo  NiUi^iun.  /tmtalina 
•  «tfen»triipi  Reu8»,ptc.,thf!  flynonymy  bwmiiw*  enorinoiw.  Thr  »p»(-i4»t 
first  appeara  in  the  lowtT  Litis  and  i»  prcj*cnt  in  iinT«Hifiii{j  iiiinitwrs 
I  ID  all  siihs«|ueiit  formatitma.  In  exwting  oceans  it  ia  fouod  in  t-vtfn' 
^    MMi  and  ut  uli  pMs^iblc  dopttii^  down  to  iJ.Oixi  ftithoniii. 

The  California  wpeciinienfl  of  Xodofariitf  are  nearly  alwayw  broken 
i  uud  compared  witli  fbe  forms  found  in  the  Npw  .Icrm-y  Cretwi-pous  arw 
f    excPHdiogly  Htnall.     XndmarM  nhlifjiut  if  one  of  the   rarest  sp««ies 

I  found  by  the  writer  in  the  uinterial  Muliniitt«id  from  Califoriiin.  Thi* 
•i|>o('iefl  was  also  found  in  material  from  the  calcareous  Tejon  beds  nosr 
Npw  Idria.  in  l>e  lo.s  Reyes  C'anyon,  jjiven  to  tiie  author  by  Mr.  T.  W, 
Stanton,  of  the  Pnited  States  (ii(>ological  Survey. 

1  NoiHWABM  PAirpKRATA  (d'f  )rlii^ny), 

PI,  V,  (i^;,  K. 

I       Ih-nUttina  i«,uprnilii  iri)rbi(iii}-,  IMH,  F.HUni.  Frs*.  Vidiiiii-.  |,.  4ti,  pi.  i,  lip".  S7, !«. 
I>mlntina  iiimjierata  Htirapiiiftnti,  ISfift,  7m\h-Ut.  l)i-nti«-li,  bhiI.  (iisell.,  vnl.  7,  p.  324, 

pi.  xiii.  ng. :. 

I     Ihmtnliitn  paaprrnl'i  .Ioiicm  unci  Parki'r,  iWU).  ijiinri,  Joiim.  <i(iiil.  Sir.  biinlon,  nil. 

W.  p.  453,  pi.  Jtix,  %.  '2-2. 
Nndamria  pauprrtila  Bnuiy,  Clintlmgri'  Report,  vol.  »,  Ji-  SOI),  wividi'iiW  a,  li,  c.. 
DfHlnlin'i  iHivprnitii  Shvrboru  unit  Cha|irn»ii,  19M,  Jour.  Roy,  Mk-roec.  l^i',.  ttvr.  H. 

vol.  B,  p.  TfiO,  pi.  XV,  lis-  9. 
,Wk/o«W«  po-prmM  Jftnoa,  IBSit,  Mon.  Pomm.  Crsg,  pt,  a.  lOfi.  pp.  Z»4-23«,  pi.  i, 

tk-.   I.'!-1JH,  LU 
.\',„!<y<(irh  i>-n,j,er<il.i  Bajin,  ISflK.  [lull.  T.  S.  iifol.  .Siirwy  N,..  HM,  p.  42. 
.VwWiri.!  i.,u,iemi,i  ChapTiiiiii,  litlXI,  I'r."'.  California  .\>a.l.  Si-i.,  »er.  3.  vol.  1,  N....S. 

p.  247,  1.1.  xxiv,  ll«.  1-'. 

Test  smooth,  somewhat  arcuate,  tapering  very  slightly  and  with 
chambers  of  ni'iirly  uniform  size,  with  little  or  no  constrictions  in 
lower  jwrtion.  The  sutures  become  more  pronounced  at  the  tiltinmte 
end.  In  tlie  California  specimens  the  initial  .•segment  is  enlarged  and 
the  posterior  rounded,  not  aciculate  as  in  .some  of  the  specimens  placed 
under  tliis  s|)ecics.  The  geological  range  begins  with  the  Lias  and 
extends  to  the  pi-esent.     Found  at  alt  depths  and  in  all  oceans. 

NODOSAUIA   KAniCLI.A  (Liun^). 

!'l,  V,  Hi!,  it, 
Xn>'f!hi.'  r,«r,^,il„    l.iiiin',  ]7ii7,  Syst.  Nut.,  IL'tli   i-il.,   jip.   L'S.i,   IHM;    17SH;   (iniclin^ 

.\«,>iU.,s  nulinili,  MoritflKII.  IBftl.  T.-si.  Hiii..  p.  i!)7,  [il.  vi,  fig.  4. 

\.«l.,«.ri'>  r.viir„ln  ilV )rhij;iiy.  I.s2(i,  .Viiimles  Sd.-Ji.v-  -Vaturelles,  vol.  7.  p.  2,S2.  X.>.  :l. 

,      MrHl,'k-No.   I. 
.V.,./r„„r;-i  ro,i;.;^h  lira.iy,  1SS4,  ClialU'iiucr  KciHirl.  vol.  9,  p.  496,  pi.  Ixi,  lipi.  2a-;tl. 
.\..,l„.-,.,no  ,;„r.ri'h,  A<r.is..i/.  l,sss.  Tlm-c<'niis,.s  ■■lllftkc,"  vol.  2,  p.  I6fl,  Hg.  .VH, 
.\V»?„«„j,r  ,-,(./i'."/„  li!ii.'L',  IS'tS,  l!u!l,  f.  S.  <;i><.l,  Survi-y  No.  KH,  p.  42. 
X,!.l..>:u;a  .■'•'li,-„l„  (;l,:,pi,iiLti,  UW).   Tr..,',  ( ■aliforniti  \,-ml.  Sci,.  ser,  3.  vol.  1.  N'o.  S, 
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The  test  of  Nochmivia  radlcxda  is  characterized  y^y  a  stmi^ht,  closely 
built  shell  of  but  few  chambers,  having  a  smooth  surface  and  straight 
septa.  'The  chambers  are  globular,  constricted,  and  relatively  large  in 
proportion  to  the  lengtli  of  the  shell  as  compared  with  some  of  the 
more  tap<^ring  Noihmur'nv,  The  California  forms  have  the  primordial 
chamber -slightly  enlarged,  and  in  some  specimens  there  are  six  or 
seven  chambers  preserved,  although  every  one  of  thc^n  examined  is 
broken.  The  constrictions  become  more  pronounced  toward  the  ulti- 
mate segment.  The  specimens  obtained  by  the  writer  fr()m  the  New^ 
Jersey  Cretaceous  measured  '1  mm.  in  length.  The  California  forms 
are  much  smaller.  Brady,  in  the  Challenger  Report,  speaks  of  the  dis- 
tribution of  the  species  as  follows:  '^ Xodoi^aria  rddicuhi  has  a  wide 
area  of  distribution.  It  is  found  in  the  Arctic  seas,  and  on  the  shores 
of  Norway  and  of  the  British  islands;  in  the  North  Atlantic,  from 
shallow  water  to  a  depth  of  1,360  fathoms;  in  the  South  Atlantic  as 
deep  as  2,350  fathoms,  and  in  the  South  Pacific  from  37  to  1,10() 
fathoms,  and  it  also  occurs  in  the  Adriatic.  It  has  not  been  observed 
in  the  North  Pacdfic."' 

Its  fossil  range  dates  from  the  Permian,  and  it  is  known  throughout 
the  Cretaceous  and  Tertiary  formations  in  man}'  regions. 

NoDosAUiA  ROEMERi  (Ncugeborcn). 

PI.  V,  fig.  10. 

Dentcdina  roemeri  Xeu^])oren,  1S5<),   Denknch.  K.  Akad.  Wie.<<.  Wieii,  vol.  12,  p.  82, 

pi.  ii,  fige.  13-17. 
Nodomria  roemeri  Reu-SH,  1870,  Sitzungwber.  K.  Akad.  Wise.  Wicn,  vol.  02,  p.  475. 
Nodosaria  roemeriik'hlk'htf  1870,  Foram.  Pietzpuhl.,  pi.  x,  figs.  21,  22,  24. 
XwJosaria  roemeri  Brady,  1884,  Challenger  Report,  vol.  9,  j)p.  505, 506,  pi.  Ixiii,  fig.  1. 

The  shell  of  Nodosa r!a  roein^ri  resembles  Nodomna  vtrmmuniH  in 
its  obliquely  set  septal  partitions,  but  in  the  latter  the  sutures  are 
depressed,  while  in  N,  roemeri  they  remain  flush  with  the  surface  of 
the  test.  The  form  is  stoutly  built  in  proportion  to  its  length,  and  the 
later  chambers  are  nmch  longer  and  larger  than  the  earlier  segments. 
The  form  is  approximately  straight,  but  in  some  ^specimens  figured 
there  is  a  limited  amount  of  curvature,  as  in  the  earlier  Dentalma 
types.  The  distal  end  is  neatly  rounded,  in  which  respect  it  differs 
from  ^V.  vmtroHotd.  It  is  verv  rare  in  the  California  Miocene,  and 
only  one  specimen  was  found,  with  four  chambers  preserved,  the  length 
of  which  is  2.3  mm. 

The  species  is  not  common  in  existing  oceans,  but  Prof.  H.  B.  Brady 
reports  its  occurrence  in  the  North  Atlantic,  where  it  chiefly  occurs  at 
depths  of  less  than  400  fathoms.  Its  geological  rnnge  is  from  Creta- 
ceous to  Recent. 

Bull.  268—05 3 


UIOCEKE  FORAMINIFEOA.   7B0U   OALTFOBHU.         IMLI- 9 
I  80LITTA  (Reiisws). 


n-iU'ilimi  iUnl,i   Khi«s,  1K51.  Zoitwlir,  lifiltet'li-  m-ul.  liwll,.  Vol.  Il,  p.  60.  f.l.  lii.  1l|iE. 

4.  H,  I.. 
XodomrUi  KiliUa  lieu*.  18ft&,  Uenkw-lir,  K.  Akail.  Wlwi.  Wien.  voL  2S,  ji.  IXI.jil.  li. 

Dm,  4-8, 
Nadamria  tolata  Bnitly,  1884.  CliallenK«>r  Reporl,  vi>l.  1>,  p.  MS.  pi.  Ull.  fl|i».  l.Vlfl. 

var.  pi,  Uiv,  ligi  2S. 
yodoKiTia  w/ulo  ISWl,  Sherbtirn  and  Chapmari,  Ji.iir.  l{.>y.  Micniw.  Sw-.,  wr.  ±,  toI. 

a,  p.  746,  pi.  xiv.  figs.  25,  2(1. 
yodotariii  tolnia  ChapniaD,  IIMK),  J'r.ic.  Cnliforniu  Aiwl.  HH.,  wr.  ;!,  vfil.  I,  So.  «,  p. 

S48,  pi.  XKix.  flu-.  H. 

The  nbnvc  ttpocieti  is  reimMeated  only  ))>'  fragments,  the  fliuatler  of 
which  (WSM  into  .V.  aMjihin/i  with  their  deop  fonstricted  Ht-giniMitA. 
The  lai'j;*!  nlnioHt  ^lobular  segrapiits  with  Minwoth  surface  of  only  u 
smull  number  of  chmulwrs  tierveio  distinguiwh  the  KpOfiea.  Tht  forms 
ill  the  (•ollwtion  studied  are  not  mucronate.  The  shell  iw  either  twnt 
or  »itrsight.  ttnd  vuriBs  greatly  in  size  and  length.  Common  to-day  in 
the  North  Atlntitic  at  depth.H  from  SlK)  to  uh  hiw  aa  l,3tW)  fathoms 
(Brady);  South  Atlantic,  350  to  075  fathoms;  South  Pac-ifif,  only  from 
125  to  410  fathonid  (one  instance  \,TAh<ii)  (l)rady).  The  geologieal  rang« 
\»  froui  0»ta<^iK)U8  to  KtKwnt.  It  is  one  of  the  most  couiiuon  Nodosa- 
riif  in  the  California  material.  -^^^_ 

(i.-nus  CKlSTKLLAIilA   Liimivirk  (ISHi). 

CEdSTKl.l.AiilA    AKTICll.ATA    (RcU-W). 
J').    VI,  %.   1. 

Rohiilhm  -ir/;.W.i(.i   Ki'iiKs,   lst«.  Sit/iinKi-UT.   K.  .\ka.L  \Vig».  Wien,  vol.  48,  p.  53. 

|.l,  V,  lit:.  fil>. 
CUlMiroi  orhr,,!,,!..  1{,.ils;.,  IM7(I,  Sil/iLiij!Hl..r.  K-  Aka.l.  Wiw.  Wien.  vol.  (W,  |i.  48:f. 
Ci-itlrllnrin  'irliri.l.ilti  Bnnlv,  i,W4,  { ■iiiill,-ni:i-r  l{e|«iH,  vcl.  9,  p.  ni7,  \i\.  Ixix,  figs. 

10- rj. 

(ViMI-rn..  .•rlir.thi"  lliiiw,   ISltS.  Hull.  V .  .-i.  f;.-..I,  S.irv.-y  X...  MS,  p.  .>4. 

The  to.-^t  of  ('r'>''t,IUir':t  .n-thuliiiH  is  to  he  rcgiirdetl  as  a  thii-kened 
form  of  I'r'iM'Uiinii  r"t"l'il'i.  und  it  inu,-it  not  lie  confounded  with  Critf- 
I.Uitriii  •irt!r"l<if(i  .SciriiPMZii.  Thi-  .•;lii'll  \r<  nearly  i-irculiir,  smooth, 
tlii<>keiie(i.  lUitli-ncii  at  llu-  <ide>.  and  witli  itnol.liisely  angular  periph- 
ery. Tlicro  iiri'  >i\  ur  m-v.'u  ln'oadly  ti'iati^'nlar  clianibrrs.  sepai-ated 
l.y  ilepri-ssed  x'pla.  ivliirli  i\n-  Mtnicwliat  curved  IvackwHiil  and  sickle- 
.^iiaped.  Till-  aperlnre  i<  an  i.\al  lis^iin-d  .ii>i-niri;r  clii.sc  to  the  outer 
margin  of  the  nlliiiiatr  sciriiri'iil.  ThiMJiaini'tcr  nf  tlicspecimenN  which 
rill"  antJK.r  fi.iiiu!  Ili  llic  .Sew  .{.■I'-ey  Cri-tareons  nn-a-^urcd  1.3  mm. 

Thr  «ritiT  lia-  1ml  nai'  .■^]>rcLinfii.  nearly  perfect,  friini  (.'aliforniti.  a 
Irrllc  >ni;dleL-  lliaiL  llie  aliovi-.     The  -.'eohigical  di.-itrihution  i.s  from  the 
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Cretaceous  to  Recent.  The  species  in  existing  oceans  is  mentioned 
by  Brady  a*s  occurring  at  several  stations  at  depths  of  less  than  400 
fathoms. 

Cristellakia  CASSIS  (Fichtol  and  Moll). 

PI.  VI,  fig.  2. 

Nautilus  fwtitis  Fichtel  and  Moll,  179S,  Test.  Microec.,  p.  95,  pL  xvii,  tign.  a,  1. 
CristelUtria  ciw^'m  I^man;k,  IHHi,  Tal)!.  Encycl.  et  M^*tho<i.,  pi.  cccclxvii,  figs.  3  a-d. 
CYistellaria  cams  Brady,  1884,  Challenger  Report,  vol.  9,  pp.  552,  553,  pi.  Ixviii,  fig.  10. 
CriOellaria  rwww  Bagg,  1898,  Bull.  V.  S.  Geol.  Survey  No.  88,  p.  54. 
OriMellarUt  cawria  Silveetri,  1899,  Mem.  Acoad.  Lincei,  vol.  15,  pp.  2(X>-212,  pi.  vii,  figs. 

13-17. 
CrinleUdria  caMis  Chapman,  1900,  Proe.  California  Acad.  Sci.,  ser.  3,  vol.  1,  p.  250, 

pi.  xxix,  fig.  18. 

There  are  several  types  of  (Jrht^Uaria  eoMfils  given  in  descriptions  of 
earlier  authors.  The  test  is  complanate  or  nearly  so  in  all,  but  fre- 
quently the  exogenous  tubercles  or  surface  beading  is  entirely  absent, 
and  the  presence  of  a  well-defined  keel,  with  complanate  segmenta, 
serves  to  mark  the  species.  The  number  of  chambers  in  the  final 
volution  is  fifteen  in  the  New  Jersey  forms,  but  there  are  only  six  in 
the  single  C^ilifornia  form.  The  sutures  are  depressed,  arcuate,  sur- 
face smooth,  not  beaded  as  in  typical  specimens.  Mr.  Chapman 
figures  a  variety  from  California  with  a  serrated  keel,  but  the  margin 
is  smooth,  sharp,  transparent,  and  of  small  width  in  the  specimen  we 
have  identified.  Breadth  of  shell  is  0.25  mm.  The  geological  range 
is  from  the  Cretaceous  to  Recent.  The  bathynietric  range  at  present 
is  in  shallow  conil  sands,  and  in  the  Adriatic,  Mediterranean,  etc.,  of 
shoal  depths.  The  list  of  synonyms  for  the  species  is  large,  and  there 
are  many  records  of  the  species  in  the  Tertiary  deposits. 

Cristellaria  crepidula  (Fichtel  and  Moll). 

PI.  VI,  fig.  3. 

Xautilu8  crepidula  Fichtel  and  Moll,  1803,  Test.  Microbe.,  p.  107,  pl.  xix,  figs.  g-i. 
CnMellaria  trtiphUda  d'Orbigny,  1839,  Foram.  Cul)a,  p.  64,  pl.  viii,  figH  17,  18. 
CriHteltaria  crepi*hiia  Parker  and  Jonen,  1865,  PhiloH.  Trans.,  vol.  155,  j>.  344,  pl.  xiii, 

figs.  15,  16,  pl.  xvi,  lig.  4. 
Cristellaria  trejiiduhi  Brady,  1884,  ('hallenger  Report.,  vol.  9,  j)p.  542,  543,  pl.  Ixvii, 

figs.  17,  19,  20;  pl.  Ixviii,  fi^a.  1,  2. 
CristeUaria  crepidula  Bag^',  1898,  Bull.  V.  S.  GtM)l.  Survey  No.  88,  p.  55. 

The  above  list  contains  only  a  few  of  the  many  references  for  this 
interesting  (JriateUaria.  The  only  specimen  we  have  is  broken,  but 
exhibits  the  typical  compressed  elongate-oval  outline,  with  oblique  seg- 
ments separated  by  depressed  septa.  The  margin  is  sharp  but  not 
keeled,  and  the  surface  is  smooth  and  white  and  glistening.  The  short 
diameter  of  this  form  is  0.25  mm. 


The  geographical  range  is  very  widf  and  it  beiongN  trt  the  sbosl- 
water  fauna,  and  only  in  one  instance  in  the  Challtrngfr  dredgings  was 
the  species  deteeted  in  deep  water  (a,3oO  fathoniK).  Geolt^icAlly  it  is 
known  from  the  Lias  and  is  present  in  greftt<^r  Bbtindance  in  succeed- 
ing formations. 

CftlSTELLAKlA    fRKPIlHTLA  (F.   &  M.)  vai',  (II.ADIL'S   Phlllppi. 

PL  VI,  tig-  -(, 

ifiirgtimliiia  i/lniJwa  Philippi,  IH43,  Tvrllar.  uonlweal.  Deuta^ll.,  p,  40,  pi.  j.  fig.  37. 
Cntteltaria  irtjiidida  var.  gliuliiu  BurmwH    nmi   Unllaml,   1897,   Prop.  Geolngisti^ 
Assoc.,  vol.  15,  pte.  1,  2,  pp.  39,  40,  pi.  i,  ligs.  «,  «,  1«, 

Of  all  possible  aioditications,  with  an  !ndetinit«  nuu)l)er  of  (nytionyms. 
variously  described  under  Ijoth  Mnrginulma  and  f'n'ntellarJn,  Ms 
variety  marks  bnt  one  of  perhaps  tho  most  variable  of  speciiic  fonus 
known  among  the  Foramiiiifera.  It  is  impossible,  when  the  material 
from  one  locality  shows  sm-h  gradations  as  Kurrows  and  HollBnd 
give  in  their  paper  on  the  Foruminifcraof  theThanet  Beds  of  Pegwoll 
Bay,  to  consider  more  than  mere  varieties  the  large  list  of  fossil- 
figured  forms  tticliided  under  such  namen  an  (JriiiUUuria  inUnnedia^ 
C.  simplfir,  V.  cymhniih'j',  (■.  vurinui,  V.  pmtravta,  C.  harjxi,  etc., 
of  Reuss,  d'Orbigny.  d'Orblgny,  Bornemann.  Dornemaiin,  and  Ilnu.-<ti, 
reapecUvely. 

In  De  los  Reyef  Canyon  and  in  thp  Tejon  formation,  near  New  Idria. 
Oil.,  there  is.inr  liirg.'  (iMmiicI.T  luno- ii.vi>  1.1  mm.)  fnsifi.rm  T/v.-A/- 
liirii'  belonging  to  the  a-fjiifl'iln  type  and  consi.sting  of  twelve  cham< 
hers.  The  shell  is  compressed  into  an  oval,  slightly  involute  on  the 
posterior  end,  and  with  extended  evolute  ehamber.-i  on  the  anterior 
portion.  There  is  a  suggestion  of  angularity  at  the  outer  jwriphery 
without  kcd  and  the  shell  is  unuate.  The  form  studied  is  most  .simi- 
lar to  the  form  tigurod  l>y  Hiin'ows  and  Holland  on  pi.  1,  tig,  <>,  in 
the  above  refeiviice.  Tiie  species  must  lie  consideivd  a  shallow-water 
form,  and  only  in  one  in.stance  were  specimens  dredged  by  the  Cfinl- 
/(«;//-;■  at  a  depth  of  over  li.OCNt  fathoms  (:*.35if). 

The  geological  distribution  of  (his  species  in  soDie  of  its  varieties  is 
very  extensive  and  is  known  in  deposits  as  early  as  the  Lias.  It 
is  al,so  reported  in  the  English  chalk,  the  Loitdon  clay,  and  in  the 
later  Tertlaries. 

OKisTKi.LAitiA  (Konii.iNA)  liKiii.ANDi  Andreac. 


<y»tellfirki  ( Rolii'H iHi)  n'Fhimli  .\i\An-M;  l.ssj,  Ahliandl.  (ieiil.  Speciaikarle  Klsase- 
lAitliringeii,  veil,  2,  jir.  'A.  \>.  alS,  pi.  rK,  lii;.  I'^'i. 

The  foi'in  tigured  by  Andreiie  under  ilie  name  /?"//tdt}iii  (/erf'tm/i  \s 
characterized  by  an  e.veeedingly  coniplanate  snlx)val  test  with  periph- 
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ery  definitely  keeled  as  in  C,  eultrata.  The  septal  markings  are  wide 
and  slightly  depressed,  and  the  septa  are  curved  backward  in  the 
California  specimen  somewhat  more  than  in  the  figure  shown  by 
Andreae.  There  are  fourteen  chambers  in  the  California  specimen, 
fifteen  in  Andreae's  type.  This  complanate  Crlatellitria  resembles 
Cri^tellarla  nlhert't  of  Andreae,  but  the  chambers  are  more  numerous 
and  the  inner  volution  is  distinct.  Mr.  Chapman  in  his  report  on  the 
California  fossils  figures  a  new  species  of  Crlstellarla  under  the  name 
C.  m^WcW^Y/,  which  is  also  closely  related  to  the  form  under  considera- 
tion,  but  his  specimens  did  not  exhibit  the  carinate  feature  seen  in 
C.  gerlandL  Andreae's  form  came  from  the  Septaria  clay  of  Unter- 
Elsass.  There  appears  to  be  no  other  description  of  his  peculiar 
species.  The  important  feature  of  Andreae^s  type  is  the  unsymmetrical 
development  of  the  initial  chamber  which  is  slightly  raised  upon  one 
side.  This  is  less  dearlv  seen  in  the  California  form,  but  the  distinc- 
tion  is  apparent  upon  close  examination. 

Cristellaria  gibba  d'Orbigny. 

PI.  V,  fig.  6. 

Orhftellaria  gibba  d'Orbigny,  1S39,  Foram.  Cuba,  p.  63,  pi.  vii,  figs.  20,  21. 
CmteUar'm  gibba  Hrady,  1884,  Challenger  Report,  vol.  9,  pp.  546,  547,  pi.  Ixix,  figs. 8,  9. 
Cristellaria  giblni  Chapman,   19(X),  Proi!.  California  Acad.  8ci..  Rer.  3,  vol.  1,  No.  8, 
j)l.  XXX,  fig.  3. 

Test  oblong,  biconvex,  smooth;  subcarinate,  narrow;  chambers  few, 
seven  or  eight,  slightly  arcuate,  separated  by  distinct  septa;  aperture 
marginate.  The  specimens  found  by  the  author  in  the  New  Jersey 
Cretaceous  measured  1.3  mm.  in  length;  0.87  mm.  in  breadth.**  This 
species  resembles  C.  acutaiiriciilari^^  but  the  septal  face  is  more  nar- 
row. The  above  is  exceedingly  rare  in  the  material  under  examina- 
tion, and  the  writer  has  observed  only  one  specimen.  There  are  only 
five  chambers  in  the  elongated  oblong-oval  shell.  The  geological 
range  is  from  the  Cretaceous,  possibly  earlier,  to  the  present  time. 
The  species  does  not  seem  to  be  abundant  in  existing  oceans,  and 
occurs  sporadically  at  depths  of  less  than  500  fathoms. 

Cristellaria  rotulata  (Ijamarck). 

PI.  V,  fig.  7. 

Lentiadites  rotulata  Lamarck,  1804,  Ann.  <lu  Mus.,  vol.  5,  p.  188,  No.  3. 
CYistellaria  rotulata  Brady,  1884,  Challenger  Report,  vol.  9,  p.  547,  pi.  Ixix,  fig.  13. 
Cristeliaria  rotulata  Dervieux,  1892,  Boil.  Soc.  Geol.  Italiana,  vol.  10,  p.  628. 
OriMellaria  rotulata  Bagg,  1898,  Bull.  V.  S.  Geol.  Survey  No.  88,  pp.  57,  58. 

Test  involute,  biconvex,  smooth;  peripheral  margin  sharp,  noncari- 
nate;  (chambers  numerous,  but  only  eight  or  nine  in  final  volution; 
septa  moderately  curved,  visible  externally  as  tine  lines;  aperture 
elliptical,  radiate.     The  size  of  the  shell  is  extremely  variable.     In 

a  Bull.  U.  S.  Geo\.  Surrey  ^o,  «^,  ^.  ^. 
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the  lime  sand  of  New  Jersey  the  author  found  speeimen.s  which  meas- 
ured over  2  mm.  in  dinmeter.  The  species  is  exceedingly  ram  in  the 
Califoroia  Miocene,  and  the  genus  is  poorly  represented  in  other  types 
of  Orintellaria.  The  geological  range  is  fi-om  the  Triassic  to  Recent, 
In  nearly  all  existing  oceans  Criittelhiriu  rotulnta  is  abundant,  and 
occurd  at  every  depth  from  shore  sands  down  to  below  2,000  fathoiiin, 
.  The  syuonymy  is  altogether  too  curabersoQie  to  be  given  here  iu  full. 


I  xuti  syuu 


Subfamily  POLYMORPHIN^. 

Genus  LfVIOEKINA  d'OrhJKny  (1826). 

UviOEBiNA  CANARI&K8IS  d'Orbigny. 

PI.  VI,  %  1, 


'    Viigerxrut  oonartmnw  d'Orbigny,  iSSfl,  Fomm,  Ciui&ria<,  p,  ISK,  pi.  i,  BpB.  25-27. 
rWffmna  eanarieiitui  Bnuly,  1884,  Challeiigtr  Iteport,  vol.  9,  pp.  S73,  674,  pi.  Isxiv, 

figs.  1-3. 
IMgitTiiui  cmmriin\*iit  Woodw&rd  and  Thotuaa,  ISM  (ISKS),  Thirteenth  Ann.  R«pl. 

Geol.  Nat.  Hiat.  Kurvey  MiuncBnta,  p.  171,  pi.  iv,  fig.  37. 
Vrigrritia  rananenni*  Bagg,  1896.' Bnll.  American  Paleoiit..  vol.  1!,  No.  10.  pp.  (31.  32). 

326,  32fl. 

'  The  test  of  Uvigerlna  oananenstK  may  well  serve  as  a  type  of  the 
I  rather  uncommon,  smooth-shelled  forms  of  Uifii/enntB,  nearly  all  being 
1  more  or  lesa  ornamented  with  aome  form  of  sm-fsce  striations.  The 
foi'iii  is  irri>i,'iilnrly  Irisoriiil,  elongatt'.  l)uiU  of  projecting  globose  seg- 
ments with  well-defined  septal  constrictions  between.  It  is  quite 
likely  that  the  form  described  as  Uriyerlnn  urnulu  by  d'Orbignj'  in 
his  Memoir  on  the  Miocene  Foniminifera  of  Vienna  belongs  under 
this  species  and  the  writer  has  .so  included  it  in  a  former  publication. 
The  species  is  rather  common  in  the  California  Miocene,  but  not 
nearly  so  frequent  as  its  congenitor  Urigfrhm  ten  iiii<tri-at<i.  It  appears 
in  the  middle  Tertiaries  of  many  localities,  and  is  rather  widely  dis- 
trilmted  at  the  present  time  in  existing  oceans.  Professor  Brady 
mentions  its  occurrence  in  shore  sands  of  Teneriffe.  at  a  depth  of  435 
fathoms  off  liormuda.  of  150  fathoms  near  Cape  of  Good  Hope,  of 
l.TOH  fatlioms  in  the  South  Atlantic,  and  of  40 and  1,375  fathoms  in  the 
Soutli  I'acilic.  It  has  been  found  by  several  scientists  on  the  coasts  of 
the  liritisli  Isles.  The  writer  obtained  this  form  from  a  well  boring  at 
Crislield.  Md.  (Miocene),  and  also  at  Norfolk,  Va. 

I'vKiERiXA  I'YiiMXA  d'Orbigny. 

n,  VII,  lig.  2. 

rnyWd.i  i<.i'im:i'i  il"()rl)igny,  \>'.->fi.   Acinales  Scifnocf-  Xaliirflles,  vol.  7,  p.  269,  pi. 

xii,  lie-.  N.  ii,  MuilOlc!- .\i..  (17. 
Vngtrinn  p'igmmi  il'Orliiirny,  lS4fl,   Forarii.  Vuf^.  Vit-iiiie,  \>.  UK),  pi,  xi,  figs,  2i>,  t'fi. 
Vngerimi  pi/giinrii  Brailv,  1RS4,  ('IjalleiiEor  Kt']iiirt,  vol.  i),  ]i.  HTb,  pi.  Ixiiv,  typical 

titpf.  n,  12  elongati' forms  fii».  IX,  \*. 


BAOo.]  DESCRIPTIONS   OF   THE   SPECIES.  39 

The  species  was  described  and  figured  by  the  author''  from  the  well- 
boring  material  of  the  Miocene  from  Crisfield,  Md.,  and  Norfolk,  Va. 
The  test  is  m(3re  or  less  broadly  ovate  and  stoutly  built  with  thick 
shell  walls.  The  chambers  are  nunu^rous,  large,  and  globose,  and  are 
separated  by  depressed  septa.  The  species  is  easy  to  recognize,  for  in 
addition  to  the  above  features  the  surface  is  marked  bv  a  luunber  of 
longitudinal  costn%  which  are  more  abundant  and  more  dotinite  than 
in  its  c(mgenitor  Uvi<jer'nui  ttuiuHtnata  Kcuss.  Both  forms  are  fre- 
quently foimd  in  the  same  deposits.  Its  range  is  from  the  middle 
Tertiary  to  Recent,  and  the  shell  is  universally  distributed  over  nearly 
all  waters  at  the  present  day.  Its  bathymetric  range  is  from  2(X)  to 
more  than  2,500  fathoms.  The  fossil  forms  in  California  appear  to 
belong  mostly  to  Uviijeidnxi  teiiuhtriata^  and  onh^  a  few  forms  of  the 
species  under  discussion  were  obtained. 

UVIGERINA   TENUISTRIATA   ReUSS. 

PI.  VII,  fig.  3. 

Ungerina  tenuistriaia  Reuss,  1870,  Sitsnngsber.  K.  Akad.  Wish.  Wien,  vol.  62,  p.  485. 
Ungerina  teiwistrinta  ^'hWchtf  1870,  Forain.  Pietzpuhl.,  pi.  xxii,  figs.  IU-87. 
Urigerina  tenuutriata  Brady,  1884,  Challenger  Report,  vol.  9,  p.  574,  pi.  Ixxiv,  figs. 

4-7. 
Ungerina  tamis/riatn  Bagg,   1898,  Bull.  American  Paleont.,  vol.  2,  No.  10,  pp.  (32, 

33). 326,  327. 
Ungerina  tenuistriata  Chapman,  MKH),  Proo.  California  Acad.  Sci.,  Her.  3,  vol.  1,  No. 

10,  p.  252,  pi.  XXX,  fig.  5. 

The  test  of  the  above  species  is  much  more  tineh'  costate  than 
U'vigerina  pygmma  and  it  is  more  slender.  It  tapers  to  a  neat  well- 
rounded  primordial  segment,  and  enlarges  by  irregular  sized  chambers 
to  the  ultimate  chamber.  The  septa  are  not  as  depressed  as  in  U. 
pygmeea  and  the  segments  are  less  globose.  The  species  terminates 
its  ultimate  chamber  in  the  flaring  tubular  neck.  Not  unconunon  in 
the  California  Miocene;  nirer  than  U.  pygmmi  in  the  Maryland  and 
Virginia  Miocene.  The  shell  is  known  from  a  number  of  loailities  in 
shallow  waters.     Its  geological  range  is  from  Miocene  to  Recent. 

Genus  SACJRINA  (d'Orbigny  1839)  Parker  and  Jones. 

The  name  Sagrlna  as  given  by  d'Orbigny  was  applied  to  a  biserial 
or  Textulariform  shell  related  to  Uvigmiui  and  provided  with  longi- 
tudinal striations.  In  his  report  of  the  Fomminifera  of  Cuba,  d'Orbigny 
again  applies  the  term  to  a  rough  dimorphous  Textularian  which  dif- 
fers from  GauihYuia  simply  in  the  terminal  aperture.  The  name 
appears  therefore  to  have  been  used  in  different  descriptions,  but  it 
has  been  revived  and  restricted  by  Parker  and  Jones  to  apply  to  a 

a  Tertiary  and  Pleistocene  Foraminifera  of  the  middle  Atlantic  slope:  Bull.  American  Paleont., 
vol.  2,  No.  10,  p.  326,  pi.  xxii  (2),  fig.  8. 
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group  of  dimorphous  Ih'ujcnuiK  whose  biserial  initial  st'giiientB  beeouip 
Nodosarian  in  their  iiltiiniite  growth.  ThtTc  seeius  to  1m  but  one  step 
farthov  fi-om  a  form  which  has  but  oiio  or  two  biaerial  chambers  to  onu 
in  which  thu  entiri'  whell  becomes  a  true  Nodosarian  in  itj*  type  of  devel- 
opment. The  remarkable  jwculiarity  of  the  aperture,  however,  is 
Boniethtiig  altogether  different  from  the  typical  Xtxl'Mnrix,  and  the 
armngement  of  the  chamherM  serves  at  once  to  neparate  the  two  gen- 
era aw  at  present  understood.  While,  therefore,  at  first  the  biserial 
growth,  followed  in  ite  later  stages  by  moniliform  segmentation,  iiiUfit 
be  regarded  a;?  repreficntative  of  the  type  of  the  geuus,  we  are  forced 
to  admit  under  the  same  a  number  of  genera  whoee  growth  is  altogether 

'  Nodosiirian.  The  walls  of  the  shell  are  invariably  hyaline  and  perfo- 
rate, and  the  surface  decoration  is  extremely  varied  and  beautiful.  The 
genuH  first  makes  its  appearance  in  the  middle  Tertiary.  I>eing  known 

,  in  Miocene,  Plioeene,  and  Itei'ont  deposits. 

In  pliallow  waters  of  tropical  oceans  It  exists  to-day,  and  according  to 
Biiidy  it  is  generally  limited  to  depths  iei^s  than  :2<K)  fathoniH.     It  is 

I  not  a  common  form,  thougli  fairly  widely  distribuU'd  at  the  present 
time. 

Synonymous  terms  for  this  genus  are  given  by  Prof,  H.  li.  Brady 

,  in  the  Challenger  ltoi)ort,  vol.  it,  page  5S(),  Thiwe  are  Sin/rinn  (d'Or- 
bigny.  1839);  Parker  and  .fones  (18(i5):  Uarpenter,  Bntdy,  Biitschli: 

i  Sagraina,  Beu83  (1861),  Zittol,  Sehwager,  Marsson;  IfimtirpAina, 
Schwnger  (18t!(l).  Hnntken;   filphori.-nrnnn.  Schluniberger  (1S83). 

SaGKINA    BHANN'KHl    n.  Sp, 
PI.  VII,  fiE.  4. 

Ill  the  material  from  California  occnr  a  large  number  of  Nodosanan 
types  with  expanded  elongated  apertures  of  the  Suc/rinu  type.  The 
suifiice  is  decorated  with  a  large  number  of  longitudinal  costw,  as 
iiiaiiy  as  twenty  occurring  on  some  specimens.  There  are  three  dis- 
tinct tyjics  of  these,  possibly  more.  These  types  are  closely  allied  with 
the  forms  described  and  figured  by  Professor  Brady  in  the  Challenger 
KcjHirt  under  the  name  StujrliHi  fitj?/i")iiix  Varker  and -Tones.  They 
all  differ  from  these  tigured  types  in  the  larger  number  of  .strtations. 
and  in  the  lueliiod  of  septal  formation.  In  the  California  siiecimen 
the  -icpta  u!i-  iirclied  lietween  chambers  and  the  arches  extend  from 
one  siirfa.',.  , ■..still  ridge  to  another,  and  furtlienuore  the  striations  are 
cintinuuiis,  not  broken,  and  extend  to  llie  very  aperture,  thongli  the 
last  chamber  has  them  as  line  lines  I'muiin^r  to  the  phialine  aperture. 
The  fiirni  selected  to  represent  tlie  species  Sii,/r/,„/  /ir'ii'i'rri  is  acmu\~ 
natc  and  bas  al>i)ut  ten  successive  chamlM-rs  chtsely  set  and  with  the 
siii't'ace  marked  by  ab<nit  sixteen  lotigitudina!  striations.  Apertiu'e 
raised,  tubular,  with  tlaring  i)periin<r.  Shell  walls  white,  perforate. 
The  r..nii  is  larg.'.  nearly  on.->ixte<>nth  inch  in  length. 
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Sagrina  californiensis  n.  sp. 

PI.  VII,  fi^.  5. 

The  S(ujrina  selected  as  a  type  for  this  species  consists  of  a  number 
of  obtusely  rounded  shells  with  a  more  or  less  barrel-shaped  outline 
due  to  an  enlargement  of  the  median  chambers  and  a  veiy  slight 
tapering  at  lM)th  ends.  There  are  ten  chambers  in  most  forms,  which 
are  compactly  joined  along  a  zigzag  suture  line,  and  the  surface  is 
deeply  inset  between  large  longitudinal  costie  which  run  the  entire 
length  in  unbroken  ridges  upon  the  shell.  The  apertun*  is  tubular, 
flaring,  short.     This  is  the  most  common  of  the  three  types  observed. 

Sagrina  elonc^ata  n.  sp. 

PI.  VII,  fig.  6. 

The  form  of  Smjruui  elongaUi  is  but  little  longer  than  its  associate 
species,  but  it  is  considerably  smaller  and  more  slender,  so  that  the 
test  appears  to  possess  considerable  length.  There  is  no  swelling  in 
the  median  portion  and  the  margins  are  neatly  rounded.  Segments 
are  ornamented  similarly  with  the  other  tj'pes,  though  less  promi- 
nently so.     Common  in  the  California  Miocene. 

Familv  GLOBIGERINID^. 

Genus  GLOBICiERINA  dX)rbigny  (182H). 
(tlobigerina  bulix)ii>es  dX)r])igny. 

PI.  VII,  tig.  7. 

Gloffigerina  biiUoides  d'Orbigny,  1826,  AiinaleM  ScienceH  Naturelles,  vol.  7,  p.  277,  No. 

1,  Modt'tle  Xo.  17  (young)  and  No.  76. 
Globigerina  hirsuta  d'Orbigny,  1839,  Forani.  Canaries,  p.  132,  pi.  ii,  ligs.  4-6. 
Globigerina  hnlloideH  Brady,  1884,  Challenger  Repr)rt,  vol.    9,  j)p.  593,  594,  595,  pin. 

Ixxvii,  Ixxix,  tigs.  3-7. 
Glohigerina  bnllokles  Bagg,  1898,  Bull.  U.  S.  (ieol.  Survey  No.  SS,  j).  ()3. 
(ilobigeriua  bufloidett  Bagg,  1898,  Bull.  American  Paleont.,  vol.  2,  No.  10,  p.  3:H. 

Gloh!<ferlnu  hu1hpi<lt.s  is  one  of  the  most  widely  distributed  Foram- 
inifera,  occurring  at  the  present  time  in  every  latitude  and  at  all 
possible  depths  and  being  also  found  in  numberless  fossil  localities  in 
Cretiu'eous  and  later  rocks.  It  is  characterized  by  a  spiml,  su})tro- 
choid  test  with  globular  chamliers  with  deepl}'  sunken  umbilicus 
around  which  on  the  revei'se  side  the  spiral  segments  are  wound  and 
the  number  of  chambers  is  varied  in  size,  shape,  and  arrangement.  In 
recent  specimens  about  seven  glolx)se  segments  compose  the  final  con- 
volution. The  forms  found  in  the  California  Miocene  are  typical,  for 
the  species  are  frequent. 
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Globiqehina  biu)iuta  d'Orbigny. 

H.  VII.  Ha.  ». 

aM,ign-i,ia   biloUHa   .("OrUKny,   184G,    l-V.taiii.   Kn-w.    ViciLii.'.  pp.   1M4,   lUfi,   \A.    ix, 

figs.  lI-]4. 
f.';c>6i^na  liilfibtUi  CueU,  lK5li,  Atli  Acoul.  Poutaniftna  (:i],  vol.  7.  p.  241,  pi.  xxl. 

%  6A,  B. 
OhMgtrinn  UUitxaa  Bntrty,  IR84,  Challpiwer  Report,  vol,  «.  p.  «»,  pi.  Ixxxl,  dp. 

20,  21;  pi,  IxKxii,  figs.  2  aud  (3  ?)  (here  dewTibed  imUer  ihMimt  imiverm}. 
Ortndina  bilobam  Egger,  18(IA,  Jalirsber,  NaCurbist  Ver.  Pa»au,  vnl.  IS,  p.  30,  pi.  tv, 

fiR.  20,  a,  b. 
This  ttilobate  form  resembles  Oi-hidina  uniifrrsa.  from  which  it  in 
diat'iaguiBhet]  by  being  formed  of  two  (rhaniberH  which  am  not  wholly 
distinct,  hut  are  united  along  a  straight  septal  division  and  perhapo 
without  upertui-e.  although  some  figiiros  show  thi«  feuture.  The  pt'i- 
forution^  of  the  t«sst  arc  similar  to  those  of  flrhiiUmt  >m>'.vfna.  One 
chamlier  is  invariably  somewhat  larger  than  thft  utfat^r.  although  in 
some  H[>eciiiieD8  tiiis  eharacl«r  in  not  pronounced.  Thi^  species  i»  not 
common  and  but  few  specimens  have  been  detected  in  the  nial^^rial 
investigated.  The  longer  diainotei'  in  0.85  mm.  and  the  diameter  of 
the  larger  segment  O.ti mm.  Fornasinihasde.s(!rihedthiHitp^,cif.»«in  tlie 
Tertiary  of  Messina  in  1893  and  it  is  known  in  the  Miocene  of  Monte 
Bartolomeo  (Egger),  the  Mioi-ene  of  the  Vieunu  liasin  (d'Orbigny), 
And  it  18  posaibly  coextenHive  with  Orbtdinu  unHM/wa,  although  this  is 
not  certuin  (Lias  tii  Ki'tcnt).  It  is  present  in  existing  oceans  in  bottom 
oozes  from  nuiny  lofiilities  and  at  various  deptJis. 

(iLonniKitiXA  cuKTACKA  d'Orbigny. 
]'l,  VIII,  %'.  1. 

Ohliifffriiin  ereliiirn  li'Orltigiiy,  l«4l),  Mi'^m.  Sin-,  (li'^ol,   France,  vol.  4,  p.  34.  pi.  iii, 

liji;-.  12-14. 
(itobliyT^im  crrfai-fi   Brady,   IKTil.   (Jiiart.  .Imir.   MicroBC.   i^±.  new  Perien,   vol.   !«, 

p.  LW. 
tllMijcriiKt  cfliii-e'i  Bra.ly,  18H4,  Cliallen>rfr  Report,  vol,  H,  pp.  bm,  .197,  pi.  Ixxxii, 

liK.  10a-.'.     (Krv-^il  f.irm  fiK.  H-) 
<:Uti;irri.,(t  .-riUireii  Ban^.  ItiilS,  Bull.  I',  fi.  (.ii'ol.  Survey  Xo.  88,  p.  lU. 

Test  rotulifurni,  bnt  strongly  depressed;  superior  surface  Hattened 
or  but  .slightly  convex,  inferior  side  depressed  towai-d  tlie  <'enter  and 
exc-aviiti'd  at  the  umbiiicus;  periphery  obtuse  and  lobulated;  shell  con- 
sisting of  froiT]  tive  lo  seven  segments,  the  latter  relatively  small,  sub- 
globular  aperluie  opening  into  the  umiiilieal  vestibule.  Diameter  less 
than  1  mm.     (ieologicai  I'angc  is  from  Cretaceous  to  lieoent. 

In  llic  Culiforniii  Miocene  (H—hiij.  rhxi  hiOUiUii'x  is  extremely  com- 
mon. (ilf'hiiiii-iiKi  iliih'iH  is  also  numerous,  but  typical  specimen.^  of 
(tliil'ii/rriiiii  mill';:!  are  hard  to  tind.  There  are  undoubtedly  present 
better  specimens  t  ban  the  writer  could  obtahi  by  boiling  the  marl,  but 
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a  number  of  perfect  forms  were  obtained  of  Glohigerirue  by  collecting 
the  forms  which  float  and  drying  them  on  a  cloth  b}'^  .straining  the 
water. 

Glohkjekina  dubia  Egger. 

1»1.  VIII,  fig.  2. 

Globigerinfi  (/tt6ui Egger,  1857,  Neiit»H  Jahrb.  fur  Min.,  Geol.,  Pal.,  p.  281,  pi.  ix,  figs.  7-9. 
(tlobigrrimi  dubia  Brady,  1879,  Quart.  Jour.  Micros<'.  Sci.,  new  neries,  vol.  19,  p.  71. 
Olobigerinn  diibia  Bra<ly,  1884,  Challenger  Report,  vol.  9,  pp.  595,  59t),  pi.  Ixxix, 

fig.  17. 
Olobigerina  dnbia  F^gger,  1895,  Jahrnlwr.  NaturhiHt.  Ver.  Pawau,  vol.  IH,  p.  37,  pl.  iv, 

fig.  17. 

''Test  rotaliform,  subglobular,  somewhat  compressed;  margin 
rounded  and  lobulated;  inferior  umbilicus  large  and  deeply  sunk; 
composed  of  about  three  convolutions,  the  outermost  of  which  consists 
of  live  or  six  relatively  small,  inflated  segments;  the  apertures  of  the 
chambers  opening  directly  into  the  umbilical  vestibule.  Diameter 
often  nearly  one  thirty-fifth  of  an  inch  (0.73  mm.)."" 

This  species  is  rather  common  in  the  California  material  though  less 
frequent  than  Glohlgerimi  huUohlea,  The  specimens  are  much  larger 
than  the  latter  species,  are  more  stoutly  built,  and  the  pores  of  the 
cell  walls  are  larger  and  coarser.  It«  geological  range  is  apparently 
confined  to  the  later  Tertiary  and  Recent  period  and  the  writer  has  no 
record  of  its  occurring  in  the  Eocene.  The  present  i*ange  of  the  species 
is  also  limited,  and  while  it  occupies  l)ottom  oozes  it  is  by  no  means 
widely  diffused  or  as  abundant  as  many  of  its  congenitors. 

Genus  ORBULINA  d'Orbigny  (1839). 

Orbulina  uni versa  d'Orbigny. 

PI.  VIII,  fig.  3. 

Orbulina  Uniterm  d'Orbigny,  18i^9,  Foram.  Cuba,  p.  3,  pl.  i,  fig.  1. 

OHnUina  nnii^rsa  d'Orbigny,  1839,  Foram.  Canaries,  p.  122,  pl.  i,  fig.  1. 

Orbulina  univerm  Brady,  1884,  Challenger  Report,  vol.  9,  pp.  608,  609,  pl.  Ixxviii; 

pl.  Ixxxi,  figs.  8-26;  pl.  Ixxxii,  figs.  1-3. 
Orbulina  univerm  Egger,  1895,  Jahrsber.  Naturhiet.  Ver.  Pai<sau,  vol.  16,  p.  38,  pl.  iv, 

figs.  18,  19. 

Test  globular  or  nearly  so,  composed  of  only  one  chamber,  or  per- 
haps in  variable  tyi>es  two  indistinct  chambers,  or  of  one  chamber 
inclosing  a  poly thalamous,  globigerina-like  shell,  which  in  recent  speci- 
mens can  be  seen  occasionally  through  the  tranvsparent  hyaline  walls 
of  the  outer  enveloping  chamber.  This  outer  chamber  is  frequently 
spinous,  though  these  spines  are  absent  apparently  in  fossil  forms  and 
perhaps  are  broken  off,  although  it  is  not  certain  that  they  are  always 

a  Brady,  Challenger  Report,  vol.9, 1884,  p.  605. 
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pre^cut.  ThiM'o  is  &  i-ougliiieF«is  iibout  tbe  oiit«r  mirfaoe  which  mB,v 
I'tiprei^Dt  these  NpinoiLs  niavkingH  in  recent  forms,  liut  tliey  »re  so 
minute  that  it  \n  doubtful  if  thincharAeti^r  is  of  value  in  determination 
of  the  species  and  if  it  is  consUntly  h  chamctoriittic.  There  i»e«ni8  to 
>>o  a  marl^ed  difference  in  the  wize  of  the  xhell,  hut  on  an  average  good 
s{x>i.'imen!4  measure  about  0.15  nun.  in  diameter.  The  tett  is  ofUwi 
broken  and  it  is  possible  that  nome  nf  the  single-shell  c^liamberM  M-en 
ja  the  washed  nmrl  are  fmgmetits  of  (HohU/erina,  but  in  some  aliiiort' 
perfectly  globular  forms  there  can  l)e  no  (question  but  that  this  Hpeciw 
JH  present  in  mther  confide rable  abunduuce,  Tlie  species  tirst  uccuiv 
in  the  Lias  (Terquem),  and  it  is  found  in  the  Jura.ssic  limestone!*  of 

I  Switzerland  (Ilueusler),  in  the  chalk  of  the  island  of  Kugen.  and  nt 
Volsk,  Kussia  (lleuss),  in  Septaria  clayw  and  upper  01igo<^enp  of 
(iprmaity  (Beuss),  in  the  A1i<iecnc  of  Vienna  (d'Orbigny).  in  the  latter 
Tertiaries  of  Italy  (t^osta,  TBrrlgi.  etc.),  and  elsewhere.     It  is  the 

1  commonest  of  all  iMdagic  Foi-aminifora  to-day  and  is  known  in  bott«mi 
spptrimenw  and  surface  dredgings  at  every  depth  and  In  all  latitudes. 

Genus  PrLLKNLA  Parker  and  Jones  (1WJ2). 

^^^^^  PlTI.LKMA    SPH.KROIDKS    (d'OrbigUV). 

^^KKmfm^^E^<ln<  ■rOrbiBnv,  182(1,  Anriftli-s  fVicni-iw  Nahirfllra,  vol.  ?.  p.  288, 

No.  l.M.KK'k-,  Nti.  43. 
/'iiWe».V(«;./.,'.i-.nV(.«('ai]»TitiT,  lWi2,   liitroti.  Study  K..raiii..  [.,  1S4,  (.1.  xii.  fig.  12. 
I'-llfUi  ipl,:<rm-Uv  Jlr.i.ly,  18B4,  ChalU'dgtr  ltni">rl.  vol.  0,  p,..  (il.i,  Klfi,  pi.  Ixxsiv. 

Hrs.  12,  i:).  an.l  riit  in  text,  p.  BIK,  lig.  l.S. 
/•iilleiii.i  Kpli:'ri)iilf»  Chapiiiaii,  lilOO,  I'rfK.-.  California  Aca.<\.  Sfi.,  ffr.  :i,  vi.l.  1,  No.  S, 

1>.  '2S2,  pi   XXX,  tig.  (i. 

Chapman  reports  this  species  iis  frequent  in  the  Caltfoniia  Miocene 
of  Santa  Clara  County.  It  appears  to  l>e  very  rare  in  the  material  tbe 
writer  investigated.  Tlic  species  in  its  outer  api>eantnco  rcsenilde.s  the 
thick  forms  of  tlie  genus  Ximiviiiiui.  It  is.  as  its  name  implies,  nearly 
spheroidal  in  outline,  but  is  slightly  compressed  at  the  umbiliei. 
The  few  large  outer  segments,  live  or  six  in  number,  completely 
envelope  the  curlier  cliamliers.  SurfiU-e  of  .shell  smooth,  glistening. 
The  test  is  lincjy  |MM-forHte,  nmcli  more  ,so  than  in  (if'ihif/.-ri/i/f.  Pro- 
fessor Itrady  stMtcd  in  thii  Challenger  Ri-port  that  these  pores  do  not 
exceed  it.dlH  nun.  in  diiuneter.  The  septal  lines  are  (ndy  faintly  indi- 
cated on  the  exterior  siirfiice  mid  arc  ni>t  dcpi-cssed  in  the  .^lightest, 
but  tlicy  can  be  seen  in  reflected  light  and  appear  as  nearly  straight 
lines  running  to  the  shell  miirgiii.  The  septal  face  is  very  narrow, 
very  liroiidly  oval,  and  the  aperture  occurs  as  ii  long  cavity  extending 
nearly  the  entire  width  iif  the  shell  upon  the  inner  margin  of  the  tinal 
segment.     Cross  .seelions  show  three  or  lour  convolutions. 
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Geologically  the  species  is  found  from  Cretaceous  to  Recent.  In 
existing  oceans  Pitlleniu  sp fiver oldeJi  is  wideh^  distributed  both  ansally 
and  bathymetrieally,  since  it  is  found  from  a  few  fathoms  down  to  nertrly 
3,000  fathoms.  It  has  been  described  from  many  Tertiary  deposits 
where  the  species  seems  to  have  its  greatest  development. 

Family  ROTALID^. 

Subfamily  ROTALINiE. 

Genus  DISCOKHINA  Parker  and  Jones  (18H2). 

DiHCORBlNA   ALLOMOllPHINOIDES  (RcUSS). 

PI.  VIII,  fig.  5. 

Vahmliim  allomorphinoiden  Reuss,  18tt0,  Sitzimgsber.  K.  Akad.  WIhh.  Wien,  vol.  40, 

p.  223,  pi.  xi,  fl>?.  6. 
Discorhina  nUomorphmmde»  Brady,  1884,  Challenger  Report,  vol.  9,  p.  654,  pi.  xci, 

figs.  5,  8. 
Dincorhhm  (illomorphinoideM  Chaj)inan,  1900,  Proc.  California  Acad.  Sci.,  ser.  3,  vol.  1, 

No.  8,  p.  253,  pi.  XXX.  fig.  8. 

The  ChnllctKjer  expedition  (Brady)  reports  the  finding  of  this  species 
at  three  stations— at  a  depth  of  10  fathoms  off  Port  Jackson,  at  155 
fathoms  off  Kjiine  Island,  and  at  95  fathoms  off  the  Philippines.  Reuss's 
specimens  were  from  the  Cretaceous  of  Westphalia. 

Test  discoidal,  thick,  built  of  a  few  massive  chambers,  six  or  seven 
in  the  final  convolution,  separated  by  nearly  straight  depressed  septa. 
Ultimate  chamber  nuich  the  largest,  with  the  opening  under  the  margin 
upon  the  inferior  side.  Chapman  reports  the  spec^ies  as  very  abundant. 
The  author  finds  numerous  examples  also  in  the  material  studied. 

Genus  TRUNCATULINA  d'Orbigny  (1826). 

Tkuncatulina  PYGMiEA  Hantkcu. 

PI.  VIII,  fig.  6. 

Truwatulimi  pt/gmaa  Ilantken,  1875,  Mitth.  K.  iing.  j^eol.  Anstalt,  vol.  4,  ]>.  78,  pi.  x, 

fig.  8. 
Truncatuliua  piigmna  Brady,   1884,  Challcnj^er  Report,  vol.  9,  pp.  666,  667,  pi.  xcv, 

figs.  9,  10. 
TnmcaUdimi  pygnuca  Chapman,  1900,  Proc.  California  \vsA.  8ci.,  ser.  8,  vol.  1,  No.  8, 

p.  254,  pi.  XXX,  fig.  11. 

The  test  of  TmncatuUna  jyygmsea  is  circular,  vaulted  on  both  sides, 
with  nine  or  ten  chambers  in  the  final  volution  sepamted  by  slightly 
arched  septa  on  the  inferior  surface.  On  the  superior  side  there  are 
a  few  more  chambers  in  the  final  volution  separated  by  curving  septa 
and  with  from  two  and  a  half  to  three  convolutions,  all  of  which  are 
seen  on  the  superior  aspect.     The  shell  is  rather  common  in  the  Call- 


fonim  Miocene.  An  a  Fossil  it  wa»  re<x)rded  by  Hantk4>n  from  the 
Oligocene  of  Hiinj^ry.  In  existing  seas  it  is  fare  and  is  usscntiiillr 
a  doep-watpr  foniminifer. 

THONCATin.iNA  LOBATui^  (Wulkfir  ftiid  .lucob). 

PI.  IX,  fi(t.  1. 

.\'autav4  Inhatuhu  H'nlker  and  Jwoli,  17«K,  Atlinn's  !■>«;■»,  KBriii.m-hfr's  wl..  |..  ftl2, 

pi.  xiv,  %.  36. 
JVunentiifinn  (o6<Uu/n  Brwly,  IB**,  CImllcuger  Rfixirt,  \\,i.  y.  pp.  tWH.  861.   pi.  xdi, 

tig.  10:  pl.  xi^iii.  Iis«'  1.  *i  &I  1>>-  ■'^'v,  li^.  4,  5. 
TrunmJti/inu  iubulu^  Rn^r,   1H95,  Jahralier.   Nalurhist.  Ver.  Phmuii,  vol.  U\  |>.  31, 

pi.  V,  &g.  5,  n,  b,  c. 
Tmnr^il'iJim  IdHiliitii  Ita«f  '^W.  I*"!"'  ^'-  *^'  ''eol-  Survey  No.  S8,  p.  W. 

The  species  designikt'ed  TrutwatiiJ Inn  MMttv/tr  in  proljably  as  widely 
diffused  as  (rhiliitffrin'i  huUniiicK  which  i«  known  in  every  oc«an,  in 
every  sea,  and  at  ull  depths.  Tlic  earliest  record  of  the  form  ns  a  foH- 
ail  is  in  carboniferous  strata  and  it  is  welt  known  in  every  subHequeiil 
deposit. 

The  character  in!  if  features  of  this  very  variable  species  are  its  plano- 
convex habit;  only  moderately  vaulted  on  the  inferior  surface;  lu^t 
volution  with  from  six  to  eight  charalMTs,  separated  by  very  slightly 
depressed  septa  which  are  more  arcuate  upon  the  superior  surfatic  ami 
more  nearly  straight  upon  the  lower  or  vaulted  Bide.  The  aperture  is 
typically  Ifjcnted  in  iin  extended  cavernous  slit  lit  and  jilonir  the  inner 
margin  of  the  iiltinmto  ^segment  upon  thcsuperior  sui-face. 

The  varieties  of  the  species  arc  interminable  and  some  are  .st's,silo  as 
in  fig.  10,  pi.  xcii.  of  the  Challenger  Report.  The  more  convex  varie- 
ties merge  into  Triniifitulinit  ri-fuhjeux  and  the  Dattened  varieties  con- 
.stitute  Triiiioit'iliiiii  iriiellfrniiirji.  Regular  bnilt  forms  comprise  the 
species  Ti'miiiit uVm^t  Innrntmi d'Orbigny,  while  irregidar  wide-growing 
.specimens  l)elong  under  TrmicatiiUn-i  rytriahU!a  d'Orbigny.  The 
spc<imcns  are  very  coarsely  porous  in  California,  and  are  not  very 
freijuent  considering  the  large  amount  of  material  examined. 

Tkuncatulina  variabilis  d'Orbigny. 

PI.  IX.  lie-  2. 
rnn,t:ilid.„n   mn.ihilh  irOrllinliv,    ISi>(i.  Aiiiib1i>^  Sfieiiri-rt  Nfttlirelles',  Vol.    7,   No.  S, 

p.  27!). 
Ti-Hu.iiUd-,,,-  r.iri,Mlii>Tvr.iwu,,  IS7H,  M.'.ni.  Si>,..  (;<-■.>!.  Kraiiif,  s.t.  :i,  vol.  L  ii„%i.  :i. 

p.  21),  |il.  i,  fii;-.  1K-2.J, 
Tntiii'iiUilinii  nir\'ihU,^  Bnulv.  ISS4,  CIhiIIiti^'it  Hi'i).)rl,  vi.l.  tl,  pp.  6ttl,H«2,  pL  xriii, 

lip=.  tl,  7, 

D'Oi-liijfiiy  groups  iiboiit  twenty  plates  of  Soldani's  tigures  in  his 
Testitccofrriiphia  under  the  .single  s(ipcies  T>->ineatul!ii(i  varinh'/i". 
There  are  probalily  no  two  of  these  wide-growing,  flattened  Tmncatn- 
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Una  exactly  alike,  but  the  general  features  of  irregular  chambers  are 
similar.  The  California  Miocene  furnishes  two  or  three  forms  which 
seem  to  belong  here.  The  species  is  a  shallow- water  form  and  only 
in  one  instance  was  a  specimen  dredged  from  2,000  fathoms.  Usually 
it  is  present  in  shallow  margins  of  tropical  and  tempemte  seas.  It 
has  been  found  in  the  Eocene  of  Paris  basin,  and  is  known  through- 
out the  later  Tertiaries.  The  California  specimens  are  broken  at  the 
ultimate  segment.  The  portion  remaining  measures  in  short  diameter 
0.9  mm. 

Truncatulixa  wuellkrstorfi  (Schwager). 

PI.  IX,  fig.  3. 

Anomalina  vmellerstorji  Schwager,  1866,  Novara-Expecl.,  Geol.,  vol.  2,  p.  258,  pi.  vii, 

figs.  ia5, 107. 
Tnincatulina  tnteUcrstorJi  Brady,  1884,  Challengt^r  Report,  vol.  9,  p.  662,  pi.  xciii, 

figs.  8, 9. 
Truncatulinn    uHeUersiorfi   Uhlig,  1886,  Jahrb.   K.-k.  geol.    Reichsanstalt,  vol.    36, 

p.  174,  fig.  3. 
TrnnciUulina   wueUerstorfi    [wueilerstorfii)    Egger,    1895,    JahrHl>er.    Naturhist.    Ver. 

Passau,  vol.  16,  p.  31,  pi.  v,  fig.  6  a,  b,  c. 
TnnicniuUna  irndlerstwfi  Bagfi,  1898,  Bull.  IT.  8.  Ge<)\.  Survey  No.  88,  p.  66. 

Test  circular,  coarsely  porous;  inferior  surface  convex,  superior 
complanate;  periphenil  edge  acute;  chambers  narrow;  septa  strongly 
curved,  crescent-shaped  with  broad  septal  ridges,  nine  in  the  last  con- 
volution; aperture  a  small  marginal  slit.  The  specimens  the  writer 
obtained  in  the  New  Jersey  Cretaceous  measured  0.5  mm.  in  diametei:. 
These  specimens  were  much  more  vaulted  than  the  typical  forms, 
while  the  specimens  (not  common)  in  the  California  stmta  are  very 
strongly  depressed  and  are  typical  for  the  species.  The  pores  are 
remarkably  large  and  coarse.  The  form  ocicupies  an  intermediate 
pasition  between  Truncatulind  Ichutula  and  Anomalina  arinienHiH. 

The  si)ecies  is  known  as  early  as  the  Cretaceous  (Bagg);  is  reported 
from  the  Pliocene  of  Kar  Nicobar  (Schwager),  but  is  not  abundantly 
noted  in  fossil  strata.  In  the  deep-water  oozes  of  existing  seas  Tntn- 
eatulinn  vmeUerstmiii  is  frequently  present  and  it  has  been  dredged 
from  about  200  to  over  2,000  fathoms. 

•  Genus  ANOMALINA  d'Orbigny  (1826). 

Anomalina  ammonoides  (Reuss). 

PI.  IX,  fig.  4. 

RtmUina  ammonoidea  Reusfi,  1845,  Verstein.  b<5hm.  Kreid.,  pt.  1,  p.  .S6,  pi.  xiii,  fig. 

66;  pi.  viii,  fig.  53. 
Rotalia  ammonoides  Giimbel,  1870,  Sitzungsber.  K.  bayer.  Akad.  Wiss.,  p.  283. 
Pinnorbiilina  ammonoides  Jones  and  Parker,  1872,  Quart.  Jour.  Geol.  Soc.  London, 

vol.  28,  p.  106;  table,  p.  109. 


Aiuimalifiu  ammomndf*  Brady,  1684  Challun^r  Report,  vol.  9,  pp.  672,  67S,  pL  xdv. 

fig.  2,  3. 
AiiuwiiUrui  inmnonoiiire  Bagg,  1898,  Bull.  U.  8.  Geol.  Survey  Net  88,  p.  67,  jJ.  ri, 
flg.il. 

Test  nantiloid,  coaraely  porous,  small,  compressed;  lateral  surfaces 
nearly  equiiUy  t-onvex;  depressed  at  the  umbilici.  The  peripheral 
margin  is  round  and  the  aperture  t^  a  nearly  median  arched  cilit  upon 
the  imier  margin  of  the  ultimate  segment.  The  diameter  measureui 
from  O.fl  to  0.8  mm. 

(Jeological  distribution  is  from  Cretaceous  to  Recent.  The  CA/ii- 
tcTif/fr  dredged  only  one  station  in  the  North  Atlantic  which  yielded 
the  abovB  species  from  a  depth  of  4^35  fathoms.  In  the  South  Pa^'ific 
niauy  dredgings  from  a  few  fathoms  to  1,350  furnished  specimens  and 
the  species  is  widely  distributed,  being  found  in  the  Red  Sea,  uff 
Bombay,  Hongkong,  New  Zealand,  Humboldt  Bay,  I'apun.  and  in  share 
sands  from  Mellx)urne. 


Anomalin'a  ariminensih  {d'Orbigny,. 
PI.  IX,  fig.  fi. 


rffanttHna  arniinoKtu  d'Orbigiiy,  1826,  Aniwilps  Scioncea  Naturellw,  vol.  7,  p.  28tt' 
pi.  V,  figs.  1-3,  bis;  Modele  No.  4». 
PlanorhuJina  arimineiMt  Parker,  Jones  luid  Bmdy,  1S6A,  Ann.  Mag.  Nat,  UiHt.,  ser, 
8,  vol.  Id,  p.  26.  pi.  iii,  fig.  78. 
AytonaUnn  nrimmf^i  Brady.  18S4,  Challenger  Repiirt,  vol.  9,  pp.  874,  e?.";,  pi.  xciii. 
Hip.  Ill,  11. 

Test  perfectly  cuniphmate  or  nearly  so.  sides  tiat,  periphery  nearly 
sqiiare,  sutures  deeply  incised,  septii  curved,  aperture  nearly  median. 
The  shell  closely  resembles  AiuhikiHiiii  (iiiiiii<ino!d-:»,  but  is  much  more 
depressed.  Its  nearest  isomorph  is  Diwii-lilna  hiwncara,  Parlter  and 
.Tones.  It  iippears  tirst  as  a  fossil  in  the  chalk  of  England,  and  is 
present  in  succeeding  formations  down  to  the  present  time.  In  the 
North  Atlsmtic  it  is  widely  distributed  and  ranges  from  150  to  1,800 
fathoni.s.  Two  localities  in  the  South  Atlantic  yielded  specimens  at 
depths  of  Ii">u  and  y,:iOO  fiitlioms.  At  the  greater  depth  specimens 
were  mre,  the  species  being  more  abundant  at  the  lesser  depth  and  of 
typical  forms.  It  is  couunon  in  the  Mediterranean  at  every  depth 
down  to  5tNj  fathoms.  Parker  and  Jones  defected  it  in  material  from 
the  AI)rolhos  Bank  at  a  depth  from  47  to  H40  fathoms.  It  i.s  rare  in 
the  Oiilif<)rniii  Miocene.     Diiunetcr,  short  a.xis,  0.5  mm. 

Anomalina  oitossERUttoSA  (Gumbcl). 

PI,  IX,  fit;. '1. 

Trniicnl.'liwi  f,ru»i.-n'iju«ii  (iiimliel.  \i^».  Ahliamil.  rii.-ph.  CI.  K.  biiytr.  Aknd.  Wi«., 

vi>l.  10,  ji.  (iilO.  |.l.  ii.  fin.  IIM  !i.  Ii. 
7n/"mr»/;;,.f  ./.- -^i-)-™   Il.iiUkon,  IN7.'>,  Mitlhril,  K.  iiiik-  Ki'i>l-  Anstalt,  vol.  4,  p.  74, 
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Anomalina    ijroMerugoKa  Braily,  1884,  Challenger  Report,  vol.  9,  p.  673,  pi.  xciv, 

ligs.  4,  5 
Anomnlimi  grosxerugom   Bajrj?,  1898,  Bull.  IJ.  S.  Geol.  Survey  No.  88,  p.  67,  pi.  vi, 

fig.  4. 
Anomalina  (jroHXirugtmi  Sherhorn  and  Chapman,  1889,  Jour.  Koy.  Microsc.  Soc,  p. 

487,  pi.  xi,  fi^r.  34. 
Anomalina  [froMmujin^a    (.'hapnian,   19(X),  Proc.  (.'alifornia  A(*a»l.  Sci..  st»r.  3,  vol.  1, 

No.  1,  pp.  253,  254,  pi.  xxx,  li^.  9. 

Tent  nautiloid,  very  coiirsd y  porous,  poros  larj^or  and  more  numer- 
ous upon  the  inferior  surface;  both  sides  convex;  umbilici  distinct; 
peripheral  margin  round;  chambers  large,  inflated,  only  eight  in  linal 
convolution;  septa  nearly  straight;  aperture  median  or  nearly  so, 
arched.  The  form  is  clo.sely  related  to  X()}tlon!na  ntnb!Ucatula^  but 
its  chambers  are  more  strongly  inflated  and  the  ix)res  are  larger.  It 
is  also  ver}^  clo.sely  related  to  AnoinaUna  aannorufldtii^  but  there  arc  a 
much  smaller  number  of  chambers  in  the  former,  and  the  form  is  more 
massive  and  the  volutions  are  not  so  distinc^t  as  in  ^1.  atmnonoides. 

The  geological  distribution  begins  with  the  upper  Cretaceous  (Bagg), 
and  the  species  is  found  in  the  Eocene  of  Bavaria  (Gumbel),  the  Cla- 
vulina-szaboi  formation  of  Hungary  (Hai^tken),  the  Miocene  of  Vienna 
(d'Orbigny ).  It  seems  to  be  a  rather  abundant  species  in  the  Tertiary. 
In  existing  oceans.  Professor  Brady  noted  its  occurriMice  at  four  sta- 
tions in  the  North  Atlantic  at  depths  ranging  from  4:50  to  1 ,000  fathoms; 
at  three  stations  in  the  South  Atlantic  at  depths  ranging  from  4:20  to 
1,415  fathoms;  at  two  in  the  South  Pacific  at  depths  of  <)10  and  2,160 
fathoms,  and  at  two  in  the  North  Pacific  at  d(»pths  of  345  and  2,050 
fathoms. 

Anomalina  rotui^  d'Orbigny. 

PI.  X,  ti^.  1. 

Anomalina  rot ula  d'Orbigny,  1846,  Forain.  Fo88.  Vienne,  p.  172,  pi.  x,  tign.  10-12. 
Planortmlina  mtuln  Sherborn  and  (/ha[)inan,  1886,  Jour.  Roy.  Microsc.  Soc,  ser.  2, 

vol.  6,  p.  757,  cut  in  text  Xo.  155. 
PUinorbulinn  rotula   Terrigi,  1889,  Mem.  R.  Ac'cad.  Lincei,  Her.  4,  vol.  6,  p.  116,  pi. 

vii,  fig.  4. 
Anomalina  rotula  Chapman,  ltH)0,  Proc.  California  Acad.  Sci.,  ser.  3,  vol.  1,  No.  8, 

p.  254,  pi.  xxx,  fijj.  10. 

The  test  of  AnoimtUiKt  rf^tuia  represents  the  extreme  variation  from 
the  symmetrical  form  of  the  genus  being  closely  allied  with  Planorl)u- 
line  types.  The  entin^  convolutions  are  visible  upon  one  side,  and 
reveal  about  twenty-two  chambers,  of  which  nine  or  ten  constitute  the 
last  volution.  The  aperture  is  nf*irly  niedian  as  in  normal  species,  and 
the  reverse  side  is  umbilicated,  and  the  margin  is  neatly  rounded. 
The  shell  is  very  abundant  in  the  California  Mioc^jne.  Its  earliest 
appearance  is  from  the  Eocene,  and  it  appears  to  be  limited  to  the 
Tertiarv. 

Bull.  268—05 4 
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Geniis  PITLVINULINA  Parker  and  .Iohpb  (1862). 

BPci-viNULiNA  ftuJUCirLA  {Fichtpl  and  Moll). 
I'l.  X.  fiR.  3. 
4.-.»«,i»  nuficfiii  var.  ».  Fichle!  ami  Moll,  1803,  Test,  Miero*'.,  p.  108,  pi.  xx,  (igft 

tt,  b.  (^ 
Valivlinn  txtxirola  d'Orbifpiy,  1R39,  foram.  Cantiriee,  p.  137,  pi.  i,  igg.  43-45. 
{•uhmulinii  aarUiOa,  Hrftily.  1)^4.  ChallenK«<r  Report,  vol.  9,  pp,  (S88.  68»,  pi.  nn. 
fig.  5,  H,  b,  c. 

The  test  of  Pu/vmutiim  nuriruln  in  elongate-ovftl,  with  rather 
squBre-sot  anterior  inari^in  iiiude  hy  pi-olon^Ktion  of  the?  ultimate  c-liam- 
ber.  Tlieiv  ia  w:arcely  any  difference  Itetwoen  the  vaulting  of  eat-li 
side,  biiti  if  anything  the  sHix'rior  w  the  lower  of  the  two.  The  fomi 
resembles  J'.  f>ri»ujiii<ireii,  already  de.icnbed  in  thi.s  report,  but  i(  u 
only  one-half  the  sine  (U,3  mm.),  ia  mueh  whiter,  cleaner,  more  deli- 
rate,  and  appears  to  po8He8N  fully  an  sharp  a  keel  a«  the  mure  pro- 
nounced acute-margined  forms  of  the  spe«ies.  Only  a  ff'W  spucimenn 
of  thin  .ipecies  are  pi-esent.  Th(^  geo!ogi(»l  distrihution  of  Ptdvinu- 
lina  avricula  coinmenffis  with  the  Eocene  and  extends  to  the  preitent 
(lay.  It  has  been  descrilwd  utider  many  synonyms  and  has  been 
placed  under  several  genera,  such  us  Rotnfina,  Valvulina.  Nautihin. 
ete.  The  Iwthymi-trii-  rangt!  of  the  species  in  the  North  Atlantic, 
where  it  \»  most  («mraon.  is  from  the  liUoral  zone  down  to  2(Ki 
fathoms,  and  .ipecimcns  have  lieen  dredgi'd  at  over  500  fathomy,  but 
the  form  i.-i  typically  a  ■*ha  I  low -water  specie-;. 

PULVIMLIKA    HKONtiMARTII  (d'OrbigOV). 

I'l.  X,  lit'.  2. 

Roliilia  hronijni'irtii d'Hrhitiny,  1826,  .\iiiialwScifiu'(.f  Niilurt'llf,-,  vol,  7,  p.  273,  No.  27. 
Holiil'inu  broiigiiiarii  lleiiw.  lS45-lti,  in  (ieimt?.,  <;riiinlr.  VerFU'in.,  p.  673,  pi.  xxiv, 

IMalimi  hr-mg-iartH  (VOrbinny.   1840,  F..raiii.   Fotw.  Vienne,   pp.  158,  159,  pi.  viii, 

tius.  •J3--i4. 
I'lilriiiiiliaa  hnigniarti  [hrimgii'iriti)  llantken,  1K75  (1876),  A  uiagy.  kir.  foldt.  int. 

evkonyve,  vol.  4,  ]>.  <«.  pi.  ix.  li^.  ."i. 

Test  similar  to  typical ""  miriruhi"  Piilriimlhia  fomi.s  with  obliquely 
set  chamljcr.-;  on  tin-  superior  surface  and  with  nearly  straight  depressed 
septa  on  ihc  infcrioi' side.  The  lujirgin  terminates  in  sharp  obtuse- 
angled  poriphery  and  both  Mirfaces  are  vaulted  with  the  ultimate 
ehanilH'i'  so  much  enlarged  as  lo  give  an  luisynunetrical  appejirance 
vvlieii  the  shell  i^  viewed  from  the  anterior  a-sjwct.  D'Orbigny  con- 
sidered the  s|M'cie>  closely  related  lo  Rufiiliiin  cliiptiiii.  from  which  it 
isdistingnishe'd  by  its  more  elliptical  form  and  its  less  nigoae  character. 
Tlie  forjn  PuU-hi'iVihn  l<riiiifiiiiiirti'  appeal's  to  be  very  closely  related 
tij  I 'ul, -hi III i I, II  uhh'iKj-t,  hut    the    latter    has  curved   septa  and  more 
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nuuierous  chambers  on  itn  superior,  surface.  It  also  resembles  Pid- 
vinulina  auricula^  but  the  latter  has  a  somewhat  greater  quadrangular 
elongation. 

It  is  barely  possible  that  the  species  under  discussion  may  be  con- 
sidered a  variety  of  the  more  commonly  described  species  Pxdmnvlina 
auricuhi.  D'Orbigny's  specimens  were  from  the  Miocene  of  Nussdorf 
and  from  Baden,  Austria,  and  he  states  that  it  is  living  in  the 
Adriatic  Sea. 

Genus  ROTALIA  (Lamarck),  1804. 

RoTALiA  BECCABn  (Linn6). 

PL  X,  fig.  4. 

Naalihx^  beccarii  Linn^,  1767,  Sy8t.  Nat,  12th  ed.,  p.  1162;  1788,  Gmelin's  ed.,  p. 

3370,  No.  4. 
Slrehlns  beccarii  Fisolier,  1819,  Adversaria  Zoologica,  fasc.  ii,  p.  75. 
Turbinulina  beccarii  d'Orbigny,  1826,  Aimalee  Sciences  Naturellee,  vol.  7,  p.  275,  No. 

42;  Modi^le  No.  74. 
Rotalia  heccxirii  (sp.  becarii)  Brown,  1844,  Illustr.  Recent  Conch.  Great  Britain,  e<l. 

2,  p.  i,  pi.  i,  fig.  12. 
Rotalia  beccarii  Brady,  1884,  Challenger  Report,  vol.  9,  p.  704,  pi.  cvli,  figs.  2, 3. 
RoUilia  fteccarii  Bag;;,  1898,  Bull.  American  Paleont.,  vol.  2,  No.  10,  p.  'SS,  pi.  iii,  fig.  3. 

Test  finely  porous,  formed  of  a  nearly  circular  low  turbinate  spire 
with  an  obtusely  rounded,  lobulated  peripheral  margin.  The  test  is 
composed  of  three  or  four  convolutions  compactl}^  built,  and  with  a 
large  number  of  chambers  which  are  separated  from  one  another  by 
highly  curved  septa.  The  inferior  surface  is  often  beaded  by  exogen- 
ous granules  at  or  near  the  umbilicus.  As  a  fossil  the  form  first  occurs 
in  the  Mio(^ene  and  it  is  known  in  the  later  Tertiaries  in  many  regions. 
It  is  very  abundant  in  the  Pleistocene  of  Cornfield  Harbor,  Md.,  and 
was  found  by  the  writer  in  the  Miocene  of  Darlington,  S.  C.  It  is  a 
shallow-water  foraminifer,  and  according  to  Professor  Brady  it 
inhabits  the  margins  of  all  great  oceans. 

Rotalia  soldanii  (d'Orbigny). 

PI.  X,  fig.  5. 

Oyraidina  soldanii  crOrbiguy,  1826,  Annala**  Sciences  Naturelles,  vol.  7,  p.  278,  No.  5, 

Module  No.  30. 
Rotalia  soldanii  (after  d'Orbigny)   Parker,  Jones,  and  Brady,  1871,  Ann.  Mag.  Nat. 

Hist,  ser.  4,  vol.  8,  p.  176,  pi.  xii,  fig.  151. 
Rotalia  soldanii  Brady,  1884,  Challenger  Report,  vol.  9,  pp.  706, 707,  pi.  cvii,  figs.  6,  7. 
Rotalina  soldanii  Egger,  1895,  Jahrsber.  Naturhist.  Ver.  Paseau,  vol.  16,  p.  34,  pi.  v, 

fig.  10. 
Rotalia  sotdanii  Bagg,  1898,  Ball.  American  F^eont.,  vol.  2,  No.  10,  p.  33.3. 

Test  plano-convex  or  nearly  so,  circular,  and  with  slightly  lobulated 
periphery,  superior  side  showing  numeroiiA  cwLtN^^L  %fc\i\3a^.^\\>!te^'«^  's^^ 
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mui'h  vaulted,  with  up  proximately  !4ti'ai|fht  septa  which  ave  BxcavuUai 
lit  the  umbiliciLS. 

"The  phino-convex  habit  of  growth  roaches  its  extreme  develop- 
ment, yo  far  a*  the  present  geiuis  is  concerned,  in  Botalla  mif^jtuil. 
the  test  of  which  i-eaembluH  that  of  Jtotalia  oTiihtilnrin,  except  that 
the  convexity  of  the  inferior  side  is  coneidorably  groiitor.  The  ttpocioi 
corresponds  morphologically  to  Triaicatulina  refvl^i^m  and  Trantatv- 
lina  jnichelinlaiia,  but  the  shell  is  more  neatly  and  compactly  built, 
the  outline  is  more  rounded,  and  the  walls  more  linelv  perforated  than 
in  either  of  the  latter  species.  Sectionn  of  the  test  show  that  the 
i^eptal  walls  arc  double,  and  that  there  '\s  a  considerable  dei>osit  of 
shell  substance  in  the  region  of  the  umbilieiis,  but  witJiout.  any  tnice 
of  canals."" 

The  species  is  known  as  far  hacli  as  the  Cretaceous,  and  is  present 
in  every  succeeding  formation.  In  existing  oceans  it  is  universally 
distributed  In  deep  waters,  and  is  seidoni  found  at  depths  of  less  tlian 
800  fathoms.  The  California  Miocene  eontains  only  a  few  spe(:inicii.-< 
of  this  species. 

Family  NUMMULINID.^. 

Subfamily  POLYSTOMELLINjE. 

{^enos  NONIONINA  d'Orbi^y  (1826).     '^m^^^m* 

NoNIONINA    POMl'll-KHDKN  (Ficlltcl  iiud  Moll). 

I'l.  X,  %.  6, 

SauliUif  ]>fimjiilh,i'les  Ficlil<-I  unci  Mi.ll,  17ilS,  Tent.  Hrit,  p.  31,  pi.  ii,  fip?,  a-e. 
Soiiimii,,,,  umLilinilxhi  d'OrUijinv.  IS2(i.  .\iinal.>s  Sdenctw  Natiirellw.  vol.   7,  p.  Lft:!, 

pi,  XV.  ligs.  10-lL'.  No.  5,  McMleU'  Xo.  8ti. 
.Vwniojifna  piimpilioittix  I'arkur,  .Iijiu-s,  ami  iSrarly,  1M7I,  Ami.  .Ma(r>  ''fl'>  His!.,  ser.  4, 

vol.  H,  ji.  24ti,  pi.  sii,  fijt.  liW. 
Xonhii'iiii  pompiliuiileii  Brady,  Challt'iigt-r  Hepi>rt,   iKS4,  vol.  H,  p.  7L'7,  pi.  <-ix,  fijis, 

10,  11. 
Smti'iviii'i  )n-ini.ili.,i,li-i'  Chaimian,  1900,  I'rtx-.  California  .Vcad.  SH.,  mt.  3,  vol.  1. 

No.  H,  ji.  itii,  jil.  xxx.  t'lan.  IB,  10a. 

TJic  te.st  of  Xi'ii''"iiiiiii  jii/iii/>r7i'n'(/i'x  is  characterized  by  a  few  large, 
thick,  closely  involuted  chariibci's.  the  ultimate  of  which  ends  in  a 
broini.  tl;it,  tcrniiniil  s.'ptal  fiicc.  Mdst  oi  our  foniis  have  six  chambers 
visible  ill  the  tiiial  volution.  Tlie  septa  aiT  straight,  or  nearly  so,  and 
the  aperture  is  a  centrally  placed  slit  upon  the  inner  side  of  the  ulti- 
male  chiuubrr.  The  form  re'-ernhles  Xni,;<,/,;„<t  iti„h:ih"il'ih',  but  the 
form  is  (bicker,  lias  fewer  cliniiilicTs,  and  U  of  smaller  diameter.  At 
the  present  time  it  seems  to  be  abnust  rxcliisively  a  deep-water  form, 
uud  in  the  CInilleng.'i'  Ueport  it  is  ivcognim-d    from  seven  stations  in 
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the  North  Atlantic  at  from  1,000  to  2,750  fathoms;  from  one  in  the 
South  Atlantic  at  2,200  fathoms;  from  two  in  the  Southern  Ocean 
at  1,570  and  1,!»50  fathoms;  from  eight- in  the  South  Pacific  Ocean 
from  1,350  to  2,4:21  fathoms;  and  from  two  in  the  North  Pacific  from 
1,850  and  2,250  fathoms.  Its  geological  distribution  begins  with  the 
middle  Tertiary. 

Mr.  Chapman  recognizes  it  as  a  rare  form  in  the  Miocene  of  Santa 
Clara  County,  Cal.  It  is  present  in  the  present  collection,  and  is 
common. 

NoNiONiNA  BOUEANA  d'Orbiguj. 
PI.  XI,  fig.  1. 

Nonionina  boueana  d'Orbigny,  1846,  Foram.  Foes.  Vienne,  p.  108,  pi.  v.,  figs.  11,  12. 
Noiiionina  boueana  Brady,  1884,  Challenger  lieport,  vol.  9,  p.  729,  pi.  eix,  figs.  12, 13. 
Nonionina  boueana  Chapman,  1900,  Prt)c.  California  Acad.  Sci.,  ser.  3,  vol.  1,  No.  8, 
pp.  255,  25(),  pi.  XXX,  figs.  14,  14a. 

This  beautiful  species  of  Nonionina  is  rather  rare  in  the  material  we 
are  investigating,  although  Chapman  reports  that  it  is  frequent  in  the 
California  Miocene  of  Santa  Clara  County.  The  sutures  are  remarka- 
bly wide  and  gracefully  curved  with  somewhat  depressed  umbo  and 
with  v(»ry  sharp  periphery,  though  without  definite  keel.  The  septal 
face  is  very  long  oval  and  with  the  slit-like  aperture  on  the  inner  mar- 
gin. There  are  about  ten  chambers  in  the  final  volution,  the  inner  two 
are  not  easily  distinguished  and  the  outline  of  the  shell  is  elongate-oval, 
due  to  lengthening  of  the  ultimate  chamber.  This  species  has  been 
recorded  in  several  other  places  than  those  given  above.  The  writer 
discovered  it  in  the  Miocene  well-boring  material  from  Norfolk,  Va., 
and  described  it  in  the  "Tertiary  and  Pleistocene  Foraminifera  of  the 
Middle  Atlantic  Slope."'"  The  small  diameter  of  the  shell  measures 
0.35  mm.  The  geological  range  is  from  the  Oligocene  to  Recent. 
There  are  seven  localities  mentioned  by  Brady  in  the  Challenger  Report 
where  this  species  was  found,  but  in  every  case  the  shells  were  in  very 
shoal  waters,  the  deepest  being  in  the  Bay  of  Biscay,  at  a  depth  of  200 
fathoms. 

Nonionina  communis  d'Orbigny. 

PI.  XI,  fig.  2. 

Nonionina  communis  d'Orbigny,  1826,  Annales  Sciences  Naturellefl,  vol.  7,  p.  294, 

No.  20. 
Nonionina  communis  d'Orbigny,  1846,  Foram.  Fosh.  Vienne,  p.  106,  pi.  v,  figs.  7,  8. 
yonioniyia  communis  Chapman,  1900,  Proc.  California  Acad.  Sci.,  ser.  3,  vol.  1,  No.  8, 

p.  256,  pi.  XXX,  fig.  13. 

Mr.  Chapman  records  this  species  as  frequent  in  the  Miocene  of 
Santa  Clara  County,  and  it  is  not  rare  in  the  material  of  similar  age 

a  Bull.  American  Paleont.,  vol.  2,  No.  10,  p.  334. 


under  investigiitioii.  The  form  occupies  an  intermediate  position 
betwePD  Nonimdtia  saiphi  and  XonioHina  honeana.  Tbc  shell  is  com- 
posed of  rapidly  enlarging  rather  narrow  chambers,  of  which  the  last 
ia  uiuoh  the  largest  and  longeut,  as  in  N.  scafka.  There  are  about  eight 
or  nine  t-hambers  visible  in  the  tinal  volution.  Shell  shown  slightly 
depressed  septa,  but  little  ai-clied,  and  the  peripheral  margin  is  broadly 
angular  with  a  large  oval  septal  face.  The  geological  range  is  from 
Tertiaiy  to  Recent, 

NONIONINA    UMBILICATDLA   (Montagll). 

PI,  xr,  fig.  ;i, 

NautihiM  umbilkntnhn  Mnnlagii,  1803,  Test.  Brit.,   p.  Ifll;  Suiipl.,  p.  7«.  pi.   Kriii, 
llR.  I. 

RofAdina  pUinciana  A' Orhiffiy,  1826,  Annalea  Sciences  Natnrelles,  vol.  7,  p.  2iK),  No.  20, 
Nanionina  mtdanii  d'Orbigny.  184fi.  Fonim.  Fob*.  Vienne,  p.  109,  pi.  v,  figs.  15, 16. 
Nmionina  umbUicatnla  Terrigri,  1883,  Atti  Accad.   Pontifida  Nuovi  Liiicei.   vol,  35, 

p.  20S,  pi.  iv,  flg.  4S. 
Jionioitinn  wnbilicaiula  Bnuly,  1884,  Challeuger  Beport,  vol. »,  p.  726,  pi.  cix,  figs.  8, 9. 
HimUmina  iimbilirahiln  Chapman,  1900,  Proc.  Califomiit  Acad.  Sci.,  Ber.  3,  vol.  I, 

No.  8,  p.  256.  pi.  XXX,  tig.  16. 

Test  large  and  compactly  built,  with  six  or  seven  chambers  in  the 
outer  volution,  separated  by  nearly  straight  septa.  The  nmbilious  ia 
deeply  sunken  and  the  chambers  increase  rapidly  in  size  and  the  ulti- 
mate segment  ending  in  an  oval  almost  globular  septal  face  on  the 
inner  part  of  which  is  the  elliptical  aperture  on  the  median  plane. 
The  shell  is  abundant  in  the  California  Miocene.  It  is  closely  related 
to  Nonionina  ilaprexsHla  and  Xonionhui pompiUoliliis. 

In  existing  oceans  I^onionina  iimhUicafula  is  everywhere  recogniz- 
able, and  it  is  known  in  dredgings  from  as  low  as  30  to  3,125  fathoms. 
Its  geological  occurrence  dates  from  the  Eocene,  and  it  has  been 
recorded  in  every  subsequent  formation. 

Genus  POLYSTOMELLA  Lamarck  (182^). 

POLVSTOMEl.LA   rRISI'A  (Liun^). 

PI.  XI,  fiK.  A. 

Nautilia  crixpvt  Linnf,  1767,  Syst.  Nat.,  12th  ed.,  p.  1162;  275, 
I'')l>ist'.)wll<i  iTiiipn  I^iiiarek,  1822,  Aciini.  sans  Vert.,  vol.  7,  p.  625,  No.  1. 
Polnst'imMi  rrhjMi  rrdrliigny,   IMC,  Forani.  Fos*.  Vieiine,  p,   125,  pi,  vi,  figs.  9-14. 
Pol'isloniell'i  cri^jKi  WilliaiiisoTi,  1858,  Rerant  Forani.  (ireat  Britain,  |i.  40,  pi.  iii,  figs. 

7H-8(}. 
rtdij^'miella  rrigpa  Brady,  1884,  Cliallenger  Report,  vol.  S,  p.  736,  pi.  ex,  figs.  6,  7. 
The  species  known  as  Pnlystomella  erlupa  has  been  described  by 
many  Hutliors  in  addition  to  the  references  given  above,  It  is  widely 
known  in  fossil  beds  from  the  Eocene,  in  the  Septaria  clays;  in  the 
Miocene  of  Germany,  Austria,  Bavaria,  France,  and  Itjily;  it  is  also 
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deacribed  from  the  salt  clay  of  Wieliczka  by  Reuss:  from  the  Pliocene 
of  Italy  and  Spain;  from  the  Crag  of  England,  and  from  the  Quater- 
nary of  Europe.  In  existing  oceans  the  species  is  abundant  from  a 
depth  of  a  few  fathoms  down  to  355  fathoms,  a<id  is  known  in  arctic 
as  well  as  tropical  regions. 

The  shell  is  characterized  by  a  moderately  yaulted  nautiloid  bicon- 
vex  test;  sharp  peripheral  margin,  well-defined  umbo;  numerous  nar- 
row,, slightly  curved  chaml>ers,  separated  by  prominent  septa,  with 
broad  septal  bridges  between  them,  which  are  not  as  numerous  as  the 
bridges  in  forms  like  PolyHtornella  craticulata  (Fichtcl  and  Moll). 
The  test  is  similar  to  Polystoiitell^'  macella  (Fichtel  and  Moll),  but  is 
not  depressed  at  the  umbo  as  in  the  latter  species.  The  aperture  con- 
sists of  a  V-shaped  row  of  pores  along  the  inner  margin  of  the  final 
segment.  There  is  only  one  specimen  in  the  California  Miocene. 
Diameter,  short  axis,  0.5  mm. 
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Fm.  1.  Bvu 
Fio.  2.  Bdi 
Fio.  3.  BtiLii 
Fro.  4.  Bo  I. 

Pw..  5.  Bvi. 


8  d'OHiigtif,     Mngnifinl  M  diameters 

IMA  irOfbigny.    Magnified  IIS  diameters 

«H  ci'Orbigny.     Mtigmfieil  ITS  iliamelcra , 

!iiA\Ti!aiMA  d'Orliigny.     MaKniHed  !lS  liiametere  . . 
A  (i'Orbigny.    Magnifled  96  tliameterB , 
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1 

Bfuxi 

B 

Bi;i,(Mi 

S 

BouviN 

4 

H^uvl^ 

^ 

Boi.tvi> 

LI'v!n 

VAT«  d'OrU|{(iy.     Mtmuiliotl  115  liiaiiicterB 

I'potiiBa  d'Orliigny.     Mugiii»e<l  1T5  dianwtere 

;NiR[BssiB  (Cost*).    Magnltiiyl  (Ifi  difttnetcrs 

ii-ATATA  BeuHs..   Magniliwl  80 liiaiuetew 

tt.ATAT*  car.  \KrmsTA  I'^oti-r,     Maitulfiwl  bO  iliametera 

LM TATi  viir.  M  usrHiATA  l'+').'ur,     Maj^iilliwi  liOUiatiit'ter!!., 


BULIMIH*  AND  BOLIVI 


PLATE    IV. 
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PLATE  IV. 

SB.     Magnified  140rliami;terB 

*  Keiim.     Maicmlieti  140  dianieters 

DLOBOHA  (Muntagu).    MHgntSed24fl  tlismetera 

IK  Williamson.     Mngiiified  240  diametere 

ATA  (Walker  ami  Royi').    Mngiiitie'l  ITS  (iiaineterp. . 
A  (Walker  anil  Javobj.     Magnified  175  diameteis 


BOLIVINA  AND  LAGENA, 
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es 


UFMl.     ft. 


NnnosABr*  ADOi.rnisA  d'Or1>i(iny.     Mii(;mtJtxl  54  Oiametere 

NoiKWAiuA  otHWiiKiB  (d'Orliipiyl,     Mf^ifiOilllfl  dianietere 

MtiixiiSAHrA  tiiNiwBiiiN*  d'Orbigiiy.    Mugnltied  54  diaiaetere 

NoiMMtiMitA  cnNsnBRiNA  vaT.  BMAiriATA  [ieiiSH.    Mii^nified  54  diatnelers. 

NiiiNMAUiA  vAuciHSiv  (SoltUni).     Ma|j;Ejili»l  2:i  lUametew 

HoiMMnA  nuramiia  (d'Orhigny).    Mncnifli'il  ti  liiBtnetere 

NfiiMisAricv  (inr.Kir*   (Umu'l.      \l;i:.-Mi(ii',l  II  ilLud.'Iri'H 
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(lieii?^?).     Ma^niiii'il 
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PLATE   VI. 


Bull.  268—05—5  d5 


PLATE   \l. 

Fia.  I.  CmsTELLAfitA  ARTicuLATA  (R<!UBs).     MogiiiSed  54  iliameterB 

^in.  a,  Cri«trllar[a  cakis  (FichtFlsnil  Moll).     Magnified  80  diameters 

Vlo.  3.  Cristeuuria  cnErii)[Tx^(Ficht«land  Moll).     Magnified  23  diameters, 
na.  4.  Crmtkllabia  cksfidiila  vat.  gudicb  Philippi.    Magnified  1 10  diame- 

f  ten , 

Fig.  B,  Cribtrllaria  (RoiuiLcNAJfitSc.ANni  Andreae.   Magnified  23 diameters. 

Flo.  6.  CHmTKLi,Ai!iA  iiiBHA  d'Orbijfny.     Majjnified  HO  diameters 

Fio.  7.  Cribtri.laria  botulata  (Lamarck).    Magnified  S4  diameters 
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PLATE   VII. 

F[(i.  1.  Utiqerina  L-ASARIBN»iHirOrbLgDy.     Miigtiifieil  80  diameteiv.. 

Fi«.  S.  UvtoKRiN,*  i-vGM.GA  d'Orbiiniy.    Magnified  06  diameters 

Fia.  S,  UvitiSRiNA  rEMTi«rniiATA  R«uw^    M«|ti^eMl  SOiljUDetete 

Kii,.  ■[.  SiiiRrv\  "niNNEiii  Kii3!-     Mt^iiifieil  2:t  MiHraeters 

ViG.  ■>.  SMiiiiNA  ^.u.ir..ioLKN>is  IlajK.     ^rat;llitk■.l  ■-':!  di:iiiif  tf  r« 

Imi;.  li.  Sa.^kivi   ki.on<;ata   l^ay^.     Ma^iiilii-.l  L':i  iiiiiiiiitfn= 

Kti;.  r.  (iMiiiiiiKiiiSA   Hl-i.i,. ■«  .rOrlii^iiv.     ^hipiifit'^l  .Sll  dhiiin'tiTs  . 

Vk...".  <;i/.iiii.E»r\A  iiiLiiHATA  .rOrbiKiiy.     ^laKiiilii-ii  17.1  ,iiamftt-rs. 
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Flo.  1.  G] 

Fio. : 

Fl0.  3.  Orbcliha 
Fio.  4.  Pi'llenia 

Fill.   S.     DlUCOKBINA 
Fill.   U.     THLSfATl'Ll 
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platp:  VIII. 

d'Orbigny.     Magnified  80  diameters , . , 

^^r.    Magnifiwl  175  diauiett^re 

d'Orbigny.     Magnified  115  diametere 

(d'Orhigny).    Mfignifled  98  diamelere.. 

(Reiiss),     Magnified  fii 

Ilantkcn,     Magnified  115  diameters.. 


^GLOSJGERINA,  ORBULINA.   PULLENIA,  DISCORBINA.  AND   TRUNCAI 
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Fto.  1.  TlWN0*Tirus*U)6ATlii.A(  WalkerBndJarab).    Magnified 80 diametera. 

FlCi.  2.  ThL'NCATL'lisa  vabubius  d'Orl)]);ny.     MagniHed  .10  ilkiueU'ra 

Fin.  3.  Tkfscatousa  WL'SLLCEimMMi'i  (Schwagerl.     Majinilied  68  diametere. . 

Fia.4.  Anomalina  AMHON0inKs(Rf>u«B).    Ma^Sed  08  diunetere 4* 

w((J'OrbiKny).    Mi^ifl«l  09  tliameler." 48 

u>^.\  ((iiiiiil*li.     Maffnilied  ■')4  diainett'iv 4S 
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1.  Amoxauka  HOTCLA  il'Orhigiiy.    Magnified  (V)  diameters 

9.  Pri.viKn.iNA  BfiosflSlAirrii  (d'Orbigiiy).     Majmifieil  23  diiimetere 

:f.  IVi.viHi'UNA  AfHirrLA  (Fichtel  and  Moll).    Magnified  54  dinmelers.. 

4.  RuTALiA  BECCAKit  (Liiin^).     Ma}!iiilie<i  HO  diamet^T? 

-i,  HorALiA  mi.iiAMi  (d'Orliiitny).     Macnilietl  240  diameters 

ti.  NosKisiNA  roMi'iuoii>E»(FifIitel  and  Moll  I,     Ma(;nifii.'d  54  tliametere. 
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.  1.  NoNioNiNA  KoiTiASA  d'Orliigny.     Magnified  68  diameters 5S 

I.  2.  NnNiUHiNA  cnxMrNiH  d'Orbign}^.     Magnified  160  diameter* 53 

,  KoNioNiNA  timni.irAinL*  (Moutairiii.    Magnified  IflO  diametere M 

i.i.  hiuveraxzLLA  CKisi-A  (Liuuv)  iittuc  Brady &t 
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